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IN CERTAIN DYSLIPIDEMIAS 


A Desirable Balance of Efficacy 
M 


lO IP l D 300 mg 
(gemfibrozil capsules, USP) 


Lopid is indicated for treatment of adult patients | 
with very high serum triglyceride levels in hyperlipoproteinemi ** 
other than type I who present a risk of pancreatitis and 
who do not respond adequately to diet. 
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nth Patient Acceptance 


i ficacy Lopid reduces synthesis"? and increases clearance 
| riglyceride-rich VLDL.^^ 


itient acceptance Lopid has a very low order of side effects 


d has demonstrated limited effects on clinical and laboratory 
iluations.’ 


onvenient BID dosage Two 300-mg capsules 


cen 30 minutes before morning and evening meals help ensure 
ient compliance. 


';t, exercise, and weight loss are the first choice in therapy of lipid disorders. 


4RKE-DAVIS 


ase see next page for references and a brief summary of prescribing information. 


veli as apolipoproteins Al and All. Eee RE studies have shown 
IDL-cholesterol and high LDL-cholesterol are independent risk factors for 
Heart disease. It is not yet known whether pharmacological interventions designed 
3DL-cholesterol alter morbidity or mortality due to coronary heart disease. 
chanism of action has not been definitively established. In man, LOPID has been 
own to inhibit peripheral lipolysis and to decrease the hepatic extraction of free fatty acids. 
x ucing hepatic trigiyceride production. LOPID inhibits synthesis and increases clear- 
LDL carrier apolipoprotein B, leading to a decrease in VLDL production. 
imal studies suggest that LOPID may. in addition to elevating HDL cholesterol, reduce 
oration of long-chain fatty acids into newly formed triglycerides, accelerate turnover 
removal of cholesterol from the liver, and increase excretion of cholesterol in the feces. 
{Dis well absorbed from the gastrointestinal tract after oral administration. Peak 
evels occur in one to two hours with a plasma hall life of 1.5 hours following multiple 
doses. Plasma levels appear proportional to dose and do not demonstrate accumulation 
time following multiple doses. 
OPH ) mainly undergoes oxidation of a ring methyl group to successively form a hydroxy- 
i and a carboxy! metabolite Approximately seventy percent of the administered 
986 is excreted in the urine, mostly as the glucuronide conjugate. with less than 2% 
Las unchanged gemfibrozil. Six percent of the dose is accounted for in the feces 
ontrolied multicenter trial of 427 patients, lipid and lipoprotein changes from 
Hine 4) by hyperipoproteinemic (HLP) type are summarized below for those 
ng gemfibrozil, 1200 mg/day. at the end of 12 weeks. 


TRIGLYCERIDE CHOLESTEROL RATIO: 
fe HOH. Cholesterot 


Totat Cholesterol 


23395 
+ do 
2309 


TIONS. ND USAGE. The initial treatment for hyperlipidemia is dietary therapy spe- 
he of hypedipoproteinemia. Drug therapy should not be used for the routine 
a evated blood! lipids for the sulk al of era) heart disease. Excess body 


lessed prior to any drug eae Physical exercise can be an important 
i ire. Contributory diseases such as hypothyroidism or diabetes mellitus should 
ir and adequately treated. The use of drugs should be considered only when 
m have been made io o pad results with nondrug methods. if 


ius of chemical, pharmacol ogical. and clinical similarities between gemtibrozd and 
f nd the adverse findings with clofibrate in two large clinical studies (see Warnings). 
gemfib azil should be restricted to the following indications. 
ay be considered for the treatment of adult patients with very high serum trigiyc- 
type IV or type V hypertipoproteinemia) who present a risk of abdominal pain 
tis and who do not respond adequately to a determined dietary effort to control 
is with triglyceride levels in excess of 750 mg per deciliter are likely to present 
~OPID has little effect on elevated cholesterol levels in most subjects. A minority of 
Ow a more pronounced response. Therefore. the physician should be very selec- 
e gemfibrozil treatment to patients with clearly defined risk due to severe hyper 
ia (eg. individuals with familial hypercholesterolemia starting in childhood) who 
espond to appropriate diet and more effective cholesterol-lowering drugs. 
)ot useful for the hypertriglyceridemia of Type | hyperlipidemia. 
cal response to gemfibrozil is variable, and it is not always possible to predict 
prótein type or other factors which patients will obtain favorable results, it is es- 
Jid. levels be assessed and that the drug be discontinued after three months in 
whom ipid do not show — HUN Dod 


ist of those 2 the Coronary Boat —— 1000 
previous — infarct ion-were treated for five years with clofibrate. There 
in mortality between the clofibrate-treated subjects and 3000 placebo- 

A twice. as Ema clolibratetreaied Su! bjects developed cholei ahiasis and 


maintain the —— time at tr e desired level 10 — ent 
Me Videre. determinations are advisable is it. has 


and other medical problems such as Jabes molitus and — 

2. Continued Therapy — Pretreatment laboratory studies should 
that patients have abnormal levels of serum lipids. Periodic determin 
should be obtained dunng LOPID administration. The drug should be wit 
months if the lipid response is Yoran : 


3 and 9 times the human dose, ang! in the rabbit at 2 and er 
studies have revealed no evidence of impaired fertility :n temi 
LOPID, Minor fetotoxcity was manifested by reduced birth rates obs 
levels. No significant malformations were found among almost 40: 
rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. in view of the fact 
maie rats, the use of LOPID in pregnancy should be reserved for those 
benefit clearly outweighs the possible risk to the patient or fetus, 

5. Nursing Mothers -- Because of the potential for tumorigenicity show 
male rats, a decision should be made whether to discontinue nursing. or 
drug, taking into account the importance of the drug to the mother —- 

6. Hematologic Changes — Mild hemoglobin, hematocrit and while bl 
have been observed in occasional patients following initiation of LOPI 
these levels stabiize during long-term administration. Therefore, perio 
recommended during the first 12 months of LOPID administratio 

7. Liver Function — Abnormal liver function tests have been ob 
LOPID administration, including elevations of SGOT, SGPT, LDH: = 
These are usually reversible when LOPID is discontinued. Theref 
studies are recommended and LOPID therapy should be termi 

8. Use in Children — Safety and efficacy in children hiave b ; 
ADVERSE REACTIONS. in controlled clinical trials of 805 pa 
ceived LOPID for at least one year. the most frequently reported adver: 
ated with LOPID involved the gastrointestinal system. In decreasing order 


these were abdominal pain (6.0%). epigastric pain (4996), diarrhea (4.8%), na 
vomiting (1.6%), and flatulence (1.1%). Other adverse reactions where the pro 


causal relationship to LOPID therapy exists are fisted by system. 
integumentary: rash, dermatitis, pruritus, urticaria 
Central Nervous System: headache. dizziness, blurred vision 
Musculoskeletal: painful extremities 
Hematopoietic: anemia, eosinophilia. leukopenia l 
Other reactions have been reported under conditions where a causal rel 
difficult to estabiish, thus the physician should be alert to these occur: 
and bacterial infections (common cold. cough, and urinary tract int 
common in gernfibroze than in placebo-treated patients. 
Other reactions were: 
Gastrointestinal: dry mouth, constipation, anorexia, gas pain, dyspt 
Musculoskeletal: back pain, arthralgia, muscle cramps, myalgia, sw 
Central Nervous System: vertigo, insomnia, paresthesia, tinnitus’. 
Clinical Laboratory: hypokalemia, liver function abnormalities (incre 
LDH, CPK, alkaline phosphatase) 
Miscellaneous: fatigue, malaise, syncope. alopecia 
DOSAGE AND ADMINISTRATION. The recommended dose for adults i: 
tered in two divided doses 30 minutes before the morning and evening m 
wil experience therapeutic effects on 900 mg/day. a few may require 1500. 
satisfactory resuits. 
DRUG INTERACTIONS. CAUTION SHOULD BE EXERCISED WHE LA 
ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE-A 
SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME T 
LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUEN 
MINATIONS ARE ADVISABLE UNTIL fT HAS BEEN DEFINIT. 
PROTHROMBIN LEVEL HAS STABILIZED. 
MANAGEMENT OF OVERDOSAGE. While there has been riore 
symptomatic supportive measures should be taken should it occur 
Caution — Federal law prohibits dispensing without — iption à 
February 1987 
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Q700 cardiograph 










AUTOMATIC 
RECORD FORMAT 


& Q 


On Second Thought, There Is No TWO And THREE! 


Single-Key Operation 
With single-key operation, 
there is no step TWO and 
THREE! When you select one 
of its five automatic record 
formats, the Q700 Multi- 
Channel Cardiograph automa- 
tically runs the ECG record. 
It's that simple. 


Reliable Performance at 
an Affordable Price 


In the Quinton tradition, 
Q700 is built to exacting 

‘quality standards so you can 
depend on its performance, 
year after year. It's not only 
versatile and easy to operate, 
t's also very affordable. 


| Diagnostic Quality Traces 
| 9700 uses the same advanced 
yrechnology that’s used in our 
^ p-ot-the-line stress systems. 
‘Ou can rely on its thermal- 
xinthead chart recorder to give 
sharp, accurate traces every test. 


Rugged Construction 
The cart's steel-channel con- 
struction provides maximum 
stability; and the cardiograph 
unit's exterior housing is 
durable, lightweight, and 
chemically resistant. All 
surfaces are easy to clean 

and maintain. 





DEOR OR S D OMNES I" o 
The Q700 rolls easily to any location it’s needed. 
(Table-top version available) 


Full-Page Writing Surface 
It's easy to write important 
patient notes on records during 
tests because Q700's chart 
recorder provides a full-page 
writing surface. No more 
struggling to write on a record 
when half of it is hanging over 
the cart's edge. 


To learn more about this 
exceptional value, contact 
your local sales representative 
or call us toll free: 


Quinton Instrument Company 

2121 Terry Avenue; Seattle, WA 98121-2791 

Telex 3794094 QUINTON SEA 

USA and Canada call toll free: 
Domestic Sales 800/426-0347 
Canadian Sales 800/633-2888 

Washington, Alaska, Latin America and 

Caribbean Operations: Telephone: 206/223-7373 


Europe, Middle East, Africa, India 

and Pakistan Operations: 

Lode BV. Groningen, The Netherlands 

Telephone: 050-182018, Telex: 77197 LODE NL 
Asian-Pacific Operations: Hong Kong Office 
Telephone: (5) 762789, Telex: 780 89189 AHRIC HX 


Quinton 


An AH ROBINS Company 


have cardiovascular 
symptoms of anxiety. 


Many anxious patients 7 
| 


» 4 
Eo 





In double-blind, four-week clinical trials 
in 976 patients with moderate to severe 


- anxiety, therapy with XANAX was com- 


-— wet 


ES 








pared with placebo! 


XANAX was significantly more effec- 
tive (PX0.001) than placebo in relieving 
the anxiety, with over half ofthe patients 
showing marked to moderate improve- 
ment by the first evaluation period (one 
week) 


including anxiety with 
associated cardiovascular 


symptoms... 
Most patients in the study had cardio- 


vascular symptoms even though 


- cardiovascular disease was ruled out. 

— XANAX was shown to effectively relieve 
anxiety with associated cardiovascular 
symptoms. 





E | Upjohn 
* E - 61987 The Upjohn Company 
m . Kalamazoo, Michigan 49001, USA 


$ — Please s see adjacent page for brief SQHTRRATY of Me ai: information. 
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Xanax effectively relieves anxiety... 





0 WEEK 4 3 


..andanxiety with associated _ 
depressive symptoms. 
Over 70% of these patients experienced 
moderate to severe depressed mood. 
XANAX was shown to be significantly 
more effective (PX0.014) than placebo in 
improving — mood. 


1 Cohn JB: Multicenter double-blind efficacy and safety study comparing < alprazolam. 
diazepam and pla cóbé »in clinically anx s panic ents | Clin Psychiatry 1981:42:347-351 
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cause fetal harm in pregnant women. Wam patients of 
to the fetus. Avoid during the first trimester NEW YORK 
jp HM Michael A. Pepper, 212-463-6468 
losage of XANAX Tablets should be reduced or withdrawn gradu- -~ James L. Nagle 212-463-6467 
withdrawal seizures have been reported upon abrupt withdrawal. If 249 W. 17th St. 
'ombined with other psychotropics or anticonvulsant drugs, consider New York, N.Y. 10011 
entiation (see Drug Interaction section). Exercise the usual precautions DES PLAINES 
ing size of the prescription for depressed or suicidal patients. In elderly Wyman Carey, 312-635-8800 
bilitated patients, use the lowest possible dosage {see Dosage and 1 350 E Touhy Ave., P.O. Box 5080 
ministration). Observe the usual precautions in treating patients with im- Des Plaines i 6001 7-5080 
red renal or hepatic function. — — 
ition for Patients: Alert patients about: (a) consumption of alcohol and 
b} possible fetal abnormalities, (c) operating machinery or driving, (di Callahan & Associates, 714-497-5221 
increasing dose of the drug due to risk of dependence, (ei not stopping 1641 Hillcrest Drive 
ne drug abruptly. Laboratory Tests: Not ordinarily required in otherwise healthy P.O. Box 4558 
j ug Interactions: Additive CNS depressant effects with other psycho- Laguna Beach, Calif. 92652 
cs, anticonvulsants, antihistamines, ethanol and other CNS depressants. INTERNATIONAL 
inetic interactions with other drugs, e.g., cimetidine, have been re- Cahners Publishing Company 
Drug! Laboratory Test Interactions: No consistent pattern for a drug or test. 27 Paul Street 
nesis; Mutagenesis, impairment of Fertility: No carcinogenic potential E London, EC2A, 4JU, England 
pairment of fertility in rats. Pregnancy: See Warnings. Nonteratogenic Effects: Tet: 1-44 1 628-7030 
ild bom of a mother on benzodiazepines may be at some risk for with- ^ Telex: 914911 
drawal symptoms and neonatal flaccidity. Labor and Delivery: No established Fax: 1-44 1 839-6626 
ise. Nursing Mothers: Benzodiazepines are excreted in human milk. Women on Managing Dir.-Europe 
AX should not nurse. Pediatric Use: Safety and effectiveness in children E. D. Reuteler 
w the age of 18 have not been established. l United Kingdom, Benelux 


Stuart Smith 
ects are generally observed at the beginning of therapy and usually Tracey Lehane 
ar with continued medication. In the usual patient, the most frequent Scandinavia 
cts are likely to be an extension of the pharmacologic activity of Martin Sutcliffe 
èg; drowsiness or lightheadedness. Italy, France. Spain 


rvous system: Drowsiness, lightheadedness, depression, headache, Alasdair Melville 

insomnia, nervousness, syncope, dizziness, akathisia, and tiredness/ nd. G | 
astrointestinal. Dry mouth, constipation, diarrhea, nausea/vomiting, — ny, Austria, E. Europe 
d salivation. Cardiovascular: Tachycardia/palpitations, and hypoten- 

sory: Blurred vision. Musculoskeletal: Rigidity and tremor. Cutaneous: Der- JAPAN 
lallergy. Other side effects: Nasal congestion, weight gain, and weight loss. Kaoru Hara—03-366-830 1 
drawal seizures have been reported upon rapid decrease or abrupt discon- | Dynaco International, Inc. 
KANAN (Sce brecautions] 5 — Suite 1003, Sun-Palace Shinjuku 


dition, the following adverse events have been reported with the use of x dim ook — Shinjuku-ku 


odiazepines: dystonia, irritability, concentration difficulties, anorexia, tran- Fax: 03 366-8302 
amnesia or memory impairment, loss of coordination, fatigue, sedation, Telex: J2322609 DYNACO 
eech, jaundice, musculoskeletal weakness, pruritus, diplopia, dysarthria, ' | 
in libido, menstrual irregularities, incontinence and urinary retention. Production Manager: Marty Schlessel 
oxical reactions such as stimulation, agitation, increased muscle spasticity, Telephone: 212-463-6546 
tbances, and hallucinations may occur. Should these occur, discon- Reprints Manager: Herbert V. Paureiss, Jr. 
n cr Telephone: 212-463-6437 
During prolonged treatment, periodic blood counts, urinalysis, and blood Telex: 429073 
lemistry analysis are advisable. Minor EEG changes, of unknown significance, Director of Production: Robert Elder 


n observed. Director of Art Department: Barrie Stern 


PUBLISHING COMPANY 


t discontinuance of benzodiazepines. Withdrawal seizures have 
rapid decrease or abrupt discontinuation of therapy. In all patients, 
e gradually tapered under close supervision. Patients with | 
"iures or epilepsy should not be abruptly-withdrawn from XANAX. | 249 W. 17th St, N.Y., N.Y. 10011 


Psychological Dependence: Withdrawal symptoms have occurred fol- , [9 


ndividuals should be under careful surveillance. Controlled T ce M. Med 


Carroll V. Dowden ................Group 
Jerry D. Neth ....... Vice President/Publi. 
EG o J. J. Walsh .... Financial Vice President/ 
s include somnolence, confusion, impaired coordination, dimin- Thomas J. Dellamaria ............. 02.0% 
exes and coma: | ero. Vice President/Production and 


tarting dose is 0.25 to 0.5 mg, ti.d. Maximum total daily dose is 4 mg. 
t debilitated, the usual starting dose is 0.25 mg, two or three times 


gradually when terminating therapy, by no more than 
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Intra-Aortic 
Balloon Pumping. 


Because 
aggressive 
Intervention 
saves lives, 








Today hospitals of every size are using 
P to give their patients the greatest 
possible chance for survival. 


More than 70% of all admissions related to ischemic heart 
disease present at hospitals which do not perform open-heart 
surgery. In the face of this statistic, hospitals large and small 
are intervening more aggressively, reducing the mortality rates 
dramatically. And intra-aortic balloon pumping is significant 
in the achievement of these results. 

Datascope has been the innovative force in developing 
[ABP as a life-saving therapy in hospitals of every size. Today, 
in fact, almost half of all the hospitals we serve do not have 
open-heart facilities. However, they are aggressively using 
[ABP therapy to support many of their unstable cardiac 
patients. 

A commitment to product innovation. 
Since Datascope first introduced IABP in 1969, our 
resources have been dedicated to its steady development. 

The System 90 console and 90T transport balloon pumps 





* 


represent fifth generation technology. The simple, automatic 
@peration of these systems has resulted in more Datascope 
units being put into service than all other pumps combined. 

Steady improvements in safety and ease of catheter 
insertion (from our introduction of the first percutaneous 
balloon catheter to our newest prefolded 9.5 French dual 
lumen catheter) have resulted in more aggressive use of 
IABP therapy at the earliest indication. 

Comprehensive educational support. 

Datascope' Clinical Education Services Department offers 
a level of support second to none in IABP, and rare even 
within the field of cardiac care. 

For the many hospitals new to IABP, we work closely with 
3jaff members until they are comfortable with every aspect of 
balloon pumping. We teach theory and practice, including 
how to use the System 90T to transport patients to hospitals 
with open-heart facilities. 

Our clinical education specialists also work closely with 
hospitals already providing IABP, conducting seminars 
and helping them develop their own in-house educational 


programs. 





A dedicated service network. 

With our staff of over 50 technical service representatives 
dedicated exclusively to your Datascope products, you can 
depend on us for routine and emergency maintenance 24 
hours a day, seven days a week. To make certain you are 
never without the use of your equipment, loaner units are 
available. And because there are occasional unplanned 
demands for IABP, we can help you meet unexpected 
requirements through our equipment rental program. 

You are invited to draw from the many resources of 
Datascope in the implementation of a new [ABP program 
or in support of your existing program. 

For information and assistance, call (201) 265-8800. 

Or write: Datascope, P.O. Box 5, Paramus, NJ 07653-0005. 


Datascope 


Datascope Corp. * PO. Box 5, Paramus, N.J. 07653-0005, U.S.A. + Tel (201) 265-8800 (Corp. Hdqrs.) 
Datascope B.V. + Postbox 26,3870 CA Hoevelaken, Holland « Tel. 03495-34514 (European Hdqrs.) 
Datascope GmbH « AM Wall 190, 2800 Bremen 1, West Germany « Tel. 421-321818/19 

Datascope Medical Co. Ltd. Science Park, Cambridge CB44BH, England « Tel. 0223-860 333 





- Relation Between Infarct Size and Left Ventricular Performance 
Assessed in Patients with First Acute Myocardial Infarction Random- 
A s ——— Thrombolytic Therapy or to Conventional 

reatmen 


Arnoud van der Laarse, Peter L.M. Kerkhof, Frank Vermeer, Patrick W | 
Serruys, Wim T. Hermens, Freek W.A. Verheugt, Frits W. Bar, X. Hanno 
Krauss, Ernst E. van der Wall, and Maarten L. Simoons | 


From a randomized multicenter study on the efficacy of intracoronary 
thrombolysis in the early phase of acute myocardial infarction, 266 pa- 
tients with first infarction were analyzed. The purpose of this analysis was 
to test whether the relation between enzymatic infarct size and parame- 
ters of left ventricular function differed between the patients allocated to 
thrombolytic therapy and the patients allocated to conventional treat- 
ment. After thrombolysis, enzymatic infarct size was smaller and left 
ventricular function better than observed in conventionally treated pa- 
tients. For several left ventricular function parameters, it is shown that 
their relation with enzymatic infarct size was independent of treatment 
allocation. The method to assess infarct size on the basis of serial a- 
hydroxybutyrate dehydrogenase levels is the method of choice to evaluate 
infarct size limitation by acute intervention therapy in patients with acute 
myocardial infarction. 

Mechanism of Death and Prevalence of Myocardial Ischemic Symp- 
toms in the Terminal Event After Acute Myocardial Infarction 


Frank |. Marcus, Leonard A. Cobb, Jesse E. Edwards, Lewis Kuller, Arthur J. m 
Moss, J. Thomas Bigger, Jr., Joseph L. Fleiss, Linda Roinitzky, Ruth Serok- 
man, and the Multicenter Post Infarction Research Group 


A prospective study was conducted to determine the prognostic factors for — 
risk stratification in patients surviving the coronary care unit phase of : 
acute myocardial infarction. Of the 867 patients who were enrolled, there 
were 144 deaths during a 48-month follow-up. The circumstances of death 
were examined for the chronology, cause, mechanism, location and pres- 
ence of ischemia in the terminal event. Sudden death [within 1 hour of 
new symptoms) was strongly associated with arrhythmic death, but 54% 
of patients who died 21 hour after the onset of symptoms were also 
classified as having an arrhythmic cause of death. The left ventricular l 
ejection fraction or arrhythmias did not predict the mechanism of cardiac 
death. Evidence of myocardial ischemia before the terminal event was - 
found in 60% of patients whose death was witnessed and who died from | 
1 arrhythmia or myocardial failure, | D 
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Enhances the value of oral procainamide 
for selected cardiac dysrhythmias 
With modern sustained-release Procan SR, short duration of effect 
no longer impedes the usefulness of procainamide for maintenance therapy. 
A standard medication now assumes greater importance, both in terms of 
convenience and patient compliance. 


Administered half as often as conventional oral procainamide 
Wide versatility in cardiac conditions 
Can be used concomitantly with digoxin 
Ideal maintenance therapy 


D _ Procon SR... : 
the original sustained-release oral procainamide 


Please see next page for brief summary of prescribing information. 


— second degree and third — A.V 
— — is operati ive. 


iit cytopenia may follow the use of procainamide, and deaths from sep- 
. Leukocyte changes are most likely to occur during the first three 
erapy. During this time routine blood: counts should be done at least every two 
'reafter at longer intervals throughout maintenance procainamide therapy. 
malaise. and aches (a flu-type syndrome) are often reported in association 
e depression. 
be instructed to report such symptoms promptly. as well as any sore- 
hroat or gums, unexplained fever, or symptoms of an upper respiratory 
these should occur and a complete blood count indicates a granulocyte 
'ainamide therapy should be. discontinued immediately and appropriate 
3 Recovery of leukocyte count: usually occurs within a few weeks 
granulocytopenia appears to be higher with procainamide sustained- 
th Standardtablets. - 
neral—Ouring administration of the drug. evidence of untoward 
sponse should be carefully: watched for in àll patients. In the presence of an 
fm; pracainamide may attimes produce untoward responses. in atrial 
hevi tricular rate may increase suddenly as the atrial rate is slowed. 
ğü , but does not abolish, this danger. If myocardial damage 
stole 8 Particularly — Correction of atrial fibrillation, 


dii embolie episode. However: it has been suggested that, in a 
rady eas emboii, procainamide iS more likely to stop than to 


"e digitalis intoxication, where the use of procainamide may 
lepression ot conduction and ventricular asystole or fibrillation. 
i severe organic h&art disease and ventricular tachycardia may 
att biock, which i is difficult to diagnose under these circumstances, 
ould always be kept in mind wher treating ventricular arrhythmias with 
ventricular rate is significantly slowed by procainamide without attain- 
trioventricular conduction, the. drug should be stopped and the patient 
 asystole may result under these: circumstances. 
iving hormal dosage, but who have both liver and kidney disease, symp- 
ge (principally ventricular JO ES and severe hypotension) may 
füg accumulation. 
ion can result from peripheral vasodilation and from decreases in car- 
h plasma levels, procainamide may produce sinus tachycardia due to 
5 response to its hypotensive effect. Large doses may increase cardiac 
an induce complete atrioventricular block, cardiac standstill. or ventric- 
that may proceed to ventricular fibrillation. These effects on the myocar- 
in the electrocardiogram: a widening of the QRS complex occurs most 
less regularly, the P-R and Q-T intervals are prolonged, and the QRS and T 
decrease in voltage. 
ibodies (ANA) are often found in patients receiving long-term pro- 
y The induction of ANA appears to be independent of dosage. Patients 
"induced increases in ANA titers may develop a syndrome resembling 
ihematosus (SLE). The mechanism of this syndrome is uncertain. 
itic symptoms. and pleuritic. pain are common symptoms: to a lesser 
ilgia. skin lesions. pleural effusion. pericarditis. headache, fatigue. weak- 
o nal pain may occur Rare cases of thrombocytopenia, Coombs’ 
remia, increased SGOT, SGPT, and serum amylase have been 
be related to this SLE-like syndrome. 
hat tests for systemic: lupus. erythematosus be Carried out at regular 
giving mainte: nance procainamide therapy. The drug should be dis- 
sing ANA titer or clinical symptoms ot SLE appear. The SLE-like syn- 
ersible: po — of the. sus. i — does not 


changed. is eliminated from your body. : 
6. Keep container tightly closed and store: ina cool. dr 
Laboratory Tests — Patients receiving procainamide for extei ded periods 
whom symptoms suggestive of a lupus-like reaction appear, jt 
body titers measured at regular intervals. 
Routine blood: counts are advisable during maintenance 
WARNINGS tor additional information. Ü 
Plasma concentrations of procainamide and NAPA should be. monitored 
renal disease, hepatic Gisease, cardiac failure, or low cardiac oup. state 
i Antiarrhythmics: Concurrent. use e with procainamide may resuit 
effects and/or —— toxic etlects:. 


tion must be exercised with such à combination. - 
3. Anticholinesterases: Procainamide antagonizes me ef 3 
M gravis, and — returns. : 


cation may bie required. i — Fu ee "S 
6. Neuromuscular Blocking Agents: Procainamide moe & 
muse cio relaxants such as ou bi dd it also may. cond 


respiratory —— 


Pregnancy 


harm when administered to a pregnant woman of can. affect reproduction cape 
cainamide should be given to a pregnant woman only it clearly needed. 

Nursing Mothers—— i! is not known whether this drug is excreted i in, Auman 

many drugs are excreted in human milk, caution should be exercised whe 

is administered to a nursing woman. 

ADVERSE REACTIONS: Most frequent, especially with large orat doses: 

1. Anorexia 2. Nausea 3. Vomiting 4. Diarrhea 5. Urticaria 6. Prutttus 

Less frequent: 1. Reactions in patients on long-term procainamide therapy: a. Antinucl 
antibodies (ANA) b. Syndrome resembling systemic lupus Benen {SLE} 
PRECAUTIONS). s 

2. Hypersensitivity reactions: a. Angioneutotic edema b. Macul opapular f 
d. Eosinophilia e. Hypergammaglobulinemia. 

Infrequent: 1. Granulocytopenia, sometimes resulting in death (See WARNINGS 
vulsions 3. Psychosis with hallucinations 4, Confusion 5. Mental depression 6, 
7 Lightheadedness 8. Weakness 9. Bitter taste. ie Be 
Rare: ! Hypotension 2. A case was reported with fever and chills plus. nau 
abdominal pain, acute hepatomegaly, and a rise in serum giutamic. ox ilo: 
aminase following a single dose of the drug. 
OVERDOSAGE: Signs and symptoms of overdosage of procá 

hypotension, ventricular fibrillation, widening of the QRS complex. j 
intraventricular conduction delay. oliguria, lethargy, confusion, nause: 

i! ingestion is recent, gastric lavage or emesis may reduce. 
phenylephrine or levarterenol may be heipful in reversing severe hypot 

Management of overdosage includes symptomatic treatment with ECC 
sure monitoring. Procainamide toxicity can usually be treated, if necess, 
ing vasopressors after adequate fluid volume replacement. intravenous i 
molar socium lactate injection reportedly reduces the cardiotoxic effects of proc 

The urinary elimination of procainamide is proportional to the glomerular tiltra 
but is also affected by changes in urinary pH. Procainamide is relatively lipid-solt 
free base, but the ionized tarm is not. Acid urine, therefore, leads to ion trapping 
cainamide which enters the urine by passive diffusion trom the plasma. According 
clearance of procainamide can be considerably increased by mousing A a 
pH and high flow rates. 

if procainamide toxicity causes severe hypotension and renal insu! Hicioney. urin 
ination of procainamide and NAPA is decreased. and hemodialysis may be re 
Hemodialysis significantly reduces the serum hait-ife of procainamide, and effective 
removes procainamide and NAPA, Peritoneal dialysis is not ef fective. 

It has been reported that one patient who ingested approximately 7 grams o 
cainamide hydrochloride recovered after treatment consisting of IV levarterenol, I! 
semide, attempted volume expansion with albumin, and hemodialysis. Also report: 
case of an eiderly patient who recovered after ingestion of approximately 19 gram 
cainamide hydrochloride. The patient was treated with IV isoproterenol and IV 
rine, The latter report suggested that insertion of a ventricular pacing ele 
reasonable precautionary PRANE incase high grade A-V block develops. 





In angiocardiography: 


‚Because you cant be sure how 
every patient will react... 


Improve the safety protle. 









Excellent cardiovascular safety profile. 
al. 


nD Reduced effect on left ventricular pressure. "3 


Differences in Systolic Pressure After Injection 
of lohexol and lonic Monomeric Medium* 


Number of 
Patients 










Mean Decrease 


re 
Procedu from Baseline (mm Hg) 


























Left coronary n=120 
injection P<.001 n=117 -25 
Right coronary n=113 
injection P<.003 n=111 -21 
Left ventricle n=43 
n=50 





injection P<.001 -25 E 


E lohexol E lonic Monomeric Medium* 


Data on file, Winthrop Pharmaceuticals.* 
« | Diatrizoate meglumine 66%/sodium 10%. 
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ft Significantly less effect on ECG and 
heart rate.'? 


D Less pain and nausea.? 









Special care regarding dosage should * 
be observed in patients with right a 
ventricular failure, pulmonary hypertension, | 
or stenotic pulmonary vascular beds. à 
` à 
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See next page for important product 


information concerning contraindications, 
warnings, averse eacions patertseee — CIO HEXOL) THE NEW STANCAREDIN 
ENHANCED CARDIAC IMAGING. 


OMNIPAQUE' 


INJECTION (IOHEXOL) 
INTRAVASCULAR 





PLEASE CONSULT FULL PRODUCT INFORMATION BEFORE USING. 

A SUMMARY FOLLOWS: 

DESCRIPTION: OMNIPAQUE is a nonionic, water-soluble radiographic contrast medium 
for intravascular administration and is provided in iodine concentrations of 240, 300, and 
350 mgl/mL. Each milliliter of iohexo! solution contains 1.21 mg tromethamine and 0.1 mg 
edetate calcium disodium with the pH adjusted between 6.8 and 7.7 with hydrochloric acid or 
sodium hydroxide, but it contains no preservatives 

CONTRAINDICATIONS: OMNIPAQUE should not be administered to patients with a known 
—— to iohexol. 

ARNINGS: OMNIPAQUE should be used with extreme care in patients with: severely impaired 
renal and/or hepatic function; severe thyrotoxicosis, hyperthyroidism, or an autonomously 
functioning thyroid nodule; diabetes with a serum creatinine level above 3 mg/dL. Not 
recommended for use in patients with anuria. 

Patients with known or suspected pheochromocytoma should receive a minimum of contrast 
medium if benefit of the exam is judged to outweigh risk; blood pressure should be monitored 
te * the procedure, and measures for the treatment of hypertensive crisis should be readily 
available. 

Contrast agents are potentially hazardous in patients with multiple myeloma or other 
paraproteinemia, particularly those with therapeutically resistant anuria. The combination of 
Contrast agent and dehydration may precipitate myeloma protein in the renal tubules. No form of 
therapy, including dialysis, has been successful in reversing the effect. Myeloma, which occurs 
most commonly in persons over age 40, should be considered before instituting intravascular 
administration of contrast agents. 

PRECAUTIONS: Diagnostic procedures that involve the use of radiopaque diagnostic agents 
should be carried out under the direction of personnel with the prerequisite training and with a 
voru knowledge of the particular procedure to be performed. Appropriate facilities should be 
available for coping with any complication of the procedure, as well as for emergency treatment of 
severe reactions to the contrast agent itself. Competent personnel and emergency facilities should 
be available for at least 30 to 60 minutes postprocedure. The possibility of serious, life- 
threatening, fatal, anaphylactoid, or cardiovascular reactions should always be considered (see 
ADVERSE REACTIONS). It is of utmost importance that a course of action be carefully planned in 
advance for immediate treatment of serious reactions. Preparatory dehydration is dangerous and 
may contribute to acute renal failure in patients with advanced vascular disease, diabetic patients, 
and in susceptible nondiabetic patients (often elderly with preexisting renal disease). Patients 
Should be well hydrated prior to and following iohexol administration. Careful consideration to the 
potential risk of acute renal failure should be given before performing excretory urography in 
diabetic patients with diabetic nephropathy and in susceptible nondiabetic patients (often elderly 
with preexisting renal disease). Immediately following surgery, excretory urography should be 
used with caution in renal transplant recipients. The possibility of an idiosyncratic reaction in 
susceptible patients should always be considered (see ADVERSE REACTIONS). The susceptible 
—— includes patients with a history of a previous reaction to contrast media, patients with a 
nown sensitivity to iodine per se, and patients with a known clinical hypersensitivity: bronchial 
asthma, hay fever, and food allergies. A thorough medical history with emphasis on allergy and 
hypersensitivity, prior to the injection of any contrast media, may be more accurate than pretesting 
in predicting potential adverse reactions. 

A positive history of allergies or hypersensitivity does not arbitrarily contraindicate the use of a 
contrast agent where a diagnostic procedure is thought essential, but caution should be exercised 
(see ADVERSE REACTIONS). Premedication with antihistamines or corticosteroids to avoid or 
minimize possible allergic reactions in such patients should be considered. Recent reports 
indicate that such pretreatment does not prevent serious, life-threatening reactions but may reduce 
both their incidence and severity. 

Even though the osmolality of OMNIPAQUE is low compared to diatrizoate- or iothalamate- 
based ionic agents of comparable iodine concentration, the potential transitory increase in 
circulatory osmotic load in patients with congestive heart failure requires caution during injection. 
These patients should be observed for several hours following the procedure to detect delayed 
hemodynamic disturbances. 

Angiography should be avoided whenever possible in patients with homocystinuria, because of 
the risk of inducing thrombosis and embolism. 

In angiographic procedures, the possibility of dislodging plaques or damaging or perforating 
the vessel wall should be borne in mind during the catheter manipulations and contrast medium 
injection. Test injections to ensure proper catheter placement are recommended. 

Selective coronary arteriography should be performed only in those patients in whom the 
expected benefits outweigh the potential risk. The inherent risks of angiocardiography in patients 
—— pulmonary emphysema must be weighed against the necessity for performing this 
procedure. 

When OMNIPAQUE is to be injected using plastic disposable syringes, the contrast medium 
should be drawn into the syringe and used immediately 

The inhibitory effects of nonionic contrast media on mechanisms of hemostasis have been 
Shown, in vitro, to be less than those of ionic contrast media at comparable concentrations. For 
this reason, standard angiographic procedures should always be followed: angiographic catheters 
should be flushed frequently, and prolonged contact of blood with contrast media in syringes and 
catheters should be avoided. 

If nondisposable equipment is used, scrupulous care should be taken to prevent residual 
contamination with traces of cleansing agents. 

Drug/Laboratory Test Interaction: If iodine-containing isotopes are to be administered for the 
diagnosis of thyroid disease, the iodine-binding capacity of thyroid tissue may be reduced for up 
to 2 weeks after contrast medium administration. Thyroid function tests which do not depend on 
iodine estimation, eg, T. resin uptake or direct thyroxine assays, are not affected. 


OMNIPAQUE* injection (iohexol) 


Carcinogenesis, Mutagenesis, Impairment of Fertility: No long-term animal studies have 
been performed to evaluate carcinogenic potential, mutagenesis, or whether OMNIPAQUE can 
affect fertility in men or women. 

Pregnancy Category B: Reproduction studies have been performed in rats and rabbits with Up 
to 100 times the recommended human dose. No evidence of impaired fertility or harm to the fetus 
has been demonstrated due to OMNIPAQUE. There are, however, no studies in pregnant women. 
Because animal reproduction studies are not always predictive of human response, this drug 
should be used during pregnancy only if clearly needed. 

Nursing Mothers: It is not known to what extent iohexol is excreted in human milk. However 
many injectable contrast agents are excreted unchanged in human milk. Although it has not been 
established that serious adverse reactions occur in nursing infants, caution should be exercised 
when intravascular contrast media are administered to nursing women. Bottle feedings may be 
Substituted for breast feedings for 24 hours following administration of OMNIPAQUE. 

Pediatric Use: ELEM effectiveness in children have not been established. 

ADVERSE REACTIONS: Usually mild to moderate in severity. However, serious, life-threatening, 
and fatal reactions, mostly of cardiovascular origin, have been associated with the administration 
of iodine-containing contrast media including OMNIPAQUE. The injection of contrast media is 
frequently associated with the sensation of warmth and pain, especially in peripheral angiography; 
—— warmth are less frequent and less severe with OMNIPAQUE than with many contrast 
media. 

Cardiovascular System: Arrhythmias including PVCs and PACs (3%), angina/chest pain (2%), 
and hypotension (1%). Others including cardiac failure, asystole, bradycardia, tachycardia, and 
vasovagal reaction were reported with an individual incidence of less than 0.8%, In controlled 
Clinical trials involving 900 patients, one fatality occurred. A cause-and-effect relationship between 
this death and iohexo! has not been established. 

Nervous System: Pain (6%), photomas (3%), headache (2%), and metallic taste (0.896). Others 
including anxiety, blurred vision, dizziness, fever, motor and speech dysfunction, convulsion, 
lightheadedness, paresthesia, somnolence, vertigo, stiff neck, hemiparesis, and nystagmus were 
reported, with an individual incidence of less than 0.3%. 

Respiratory System: Dyspnea and laryngitis, with an individual incidence of 0.1%. 
Gastrointestinal System: Nausea (2%) and vomiting (0.5%). Others including diarrhea, 
dyspepsia, and dry mouth were reported, with an individual incidence of 0.1%. 

Skin and A pee Urticaria (0.3%) and purpura (0.1%). 

General Adverse Reactions to Contrast Media: The following reactions have been reported 
after administration of other intravascular iodinated contrast media. Reactions due to technique: 
hematomas and ecchymoses. Hemodynamic reactions: vein cramp and thrombophlebitis 
following intravenous injection. Cardiovascular reactions: rare cases of cardiac arrhythmias, reflex 
tachycardia, chest pain, cyanosis, hypertension, hypotension, peripheral vasodilatation, shock. 
and cardiac arrest. Rena/ reactions: occasionally, transient proteinuria; rarely, oliguria or anuria. 
Allergic reactions: asthmatic attacks, nasal and conjunctival symptoms, dermal reactions such as 
urticaria with or without pruritus, as well as pleomorphic rashes, sneezing, and lacrimation: rarely, 
anaphylactic reactions. Rare fatalities have occurred due to these or unknown causes. Signs and 
symptoms related to the respiratory system: pulmonary or laryngeal edema, bronchospasm, 
dyspnea; or fo the nervous system: restlessness, tremors, convulsions. Other reactions: flushing, 
pain, warmth, metallic taste, nausea, vomiting, anxiety, headache, confusion, pallor, weakness, 
sweating, localized areas of edema (especially facial cramps), neutropenia, and dizziness. Rarely, 
immediate or delayed rigors can occur, sometimes accompanied by hyperpyrexia. Infrequently, 
"iodism" (salivary gland swelling) from organic iodinated compounds appears 2 days after 
exposure and subsides by the sixth day. 

In general, the reactions that are known to occur upon parenteral administration of iodinated 
contrast agents are possible with any nonionic agent. Approximately 95% of adverse reactions 
accompanying the use of water-soluble intravascularly administered contrast agents are mild to 
moderate in degree. However, severe, life-threatening anaphylactoid reactions, mostly of 
cardiovascular origin, have occurred. 

Reported incidences of death range from 6.6 per 1 million (0.00066%) to 1 in 10,000 (0.01%), 
Most deaths occur during injection or 5 to 10 minutes later, the main feature being cardiac arrest, 
with cardiovascular disease as the main aggravating factor. Isolated reports of hypotensive 
collapse and shock are found in the literature. The incidence of shock is estimated to be 1 out of 
10,000 (0.005%) patients 

Adverse reactions to injectable contrast media fall into two categories: chemotoxic reactions 
and idiosyncratic reactions 

Chemotoxic reactions result from the physicochemical properties of the contrast media, the 
amount of dose injected, and the speed of injection. All hemodynamic disturbances and injuries to 
organs or vessels perfused by the contrast medium are included in this category. 

Idiosyncratic reactions include all other reactions. They occur more frequently in patients 20 to 
40 years old. Idiosyncratic reactions may or may not be dependent on the amount of dose injected, 
the speed of injection and the radiographic procedure. Idiosyncratic reactions are subdivided into 
minor, intermediate, and severe. The minor reactions are self-limited and of short duration; the 
severe reactions are life-threatening and treatment is urgent and mandatory, 

The reported incidence of adverse reactions to contrast media in patients with a history of 
allergy is twice that in the genera! population. Patients with a history of previous reactions to a 
contrast medium are three times more susceptible than other patients However, sensitivity to 
contrast media does not appear to increase with repeated examinations. 

Most adverse reactions to injectable contrast media appear within * to 3 minutes after the start 
of injection, but delayed reactions may occur. 

Regardless of the contrast agent employed, the overall estimated incidence of serious adverse 
reactions is higher with angiocardiography than with other procedures. Cardiac decompensation, 
serious arrhythmias, angina pectoris, or myocardial ischemia or infarction may occur during 
angiocardiography and left pep ty Electrocardiographic and hemodynamic abnor- 
malities occur less frequently with OMNIPAQUE than with diatrizoate meglumine and diatrizoate 
sodium injection. 


References: 1. Bettmann MA, Bourdillon PD, Barry WH, et al: Contrast agents for cardiac 
angiography: effects of a nonionic agent vs. a standard ionic agent. Radiology 1984; 153:583-587. 
2. Higgins CB, Mancini GBJ, Bloomquist JN, et al: Cardioangiography in man using iohexol and 
meglumine-Na diatrizoate: A comparison of hemodynamic and electrocardiographic effects. Acta 
Radiol 1983; suppl 366, pp 111-114. 3. Selin K, Emanuelsson H, Renaa T: lohexo! in coronary 
angiography: A comparison of ionic and non-ionic contrast media. Acta Radiol 1983; suppl 366, 
pp 115-120. 4. Data on file, Winthrop Pharmaceuticals. 
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arrhythmias. Clinical and electrocardiographic evaluation should be used to perio di ically € y ass 
need for therapy. ana . 


TONOCARDS? (Tocainide HCI, MSD) is contraindicated in patients who are hypers 
product or to local anesthetics of the amide type and in patients with second- or thirc degre 
ventricular block in the absence of an artificial ventricular pacemaker. ; * Lu 


Agranulocytosis, bone marrow depression, leukopenia, neutropenia, hypoplastic ane 2 
bocytopenia, and sequelae such as septicemia and septic shock have been rec orted np 
receiving TONOCARD. Most of these patients received the recommended dosage: Fate 

occurred (72596 mortality in agranulocytosis cases). Complete blood counts 
weekly intervals for the first three months of therapy and periodically therea’ ter. 
Information for details. en 


For a Brief Summary of Prescribing Information, please see the last page of this ac 
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stric ular — 
5e TONOCARD has the potential to 


in inical triais) particularly leuko- 
ranulocytosis (sometimes fatal), 
violari dita dea 


(ihmiàs alternative therapy with jess severe 


ch as certain beta-blocking 
should be considered. 

ill other antiarrhythmics, tocainide has 

shown to prevent sudden death in 

th serious ventricular ectopic 

and also, like all other 

mics, it has potentially serious 

effects, including the ability to 

is. It is therefore essential 

atient given tocainide be 

ectrocardiographically and 

ior to, and during, tocainide 


: Agranulocytosis, 

OM "depression, leukopenia, 

ia, hypoplastic anemia, throm- 
nia and sequelae such as sep- 
and. Septic Shock have been re- 


Serie * 
Lweekly intervals for the first three 
therapy, and periodically there- 
plete blood counts should be 
formed promptly if the patient de- 
sany signs of infection (suchas fever, 
throat, or stomatitis}, bruising, 
ding. If any of these hematologic 
ars is identified, TONOCARD 
ë discontinued and appropriate 
t should be instituted if neces- 
‘counts usually return to normal 
one month of discontinuation. 
should be used in patients with 
ting marrow failure or cyto- 
odd type. (See ADVERSE 
INS.) 


on of Ventricular Rate: Accel- 

ticular rate occurs infre- 

ntiarrhythrnics are admin- 

ents. with atrial flutter or 

ee ADVERSE REACTIONS). 
PRECAUTIONS 


: — — fibro- 


all other oral antiarrhythmics, 


TONOCARD has been reported to in- 


crease arrhythmias in some patients (see 
ADVERSE REACTIONS). 
information for Patients 

Patients should be instructed to prompt- 
ly report the development of bruising or 
bleeding. any signs of infections such as 
lever, chills, sore throat, or soreness and 
ulcers in the mouth; any pulmonary symp- 
toms, such as exertional dyspnea, cough, 
ot wheezing; rash, 

Laboratory Tests 

As with other antiarrhythmics, abnormal 
liver function tests, particularly in the early 
stages of therapy, have been reported. 
Periodic monitoring of liver function should 
be considered. Hepatitis and jaundice 
have been reported in some patients. 
Drug interactions 

Tocainide and lidocaine are pharmaco- 
dynamically similar. The concomitant use 
of these two agentis may cause an 
increased incidence of adverse reactions, 
including central nervous system adverse 
reactions such as seizure. 

Specific interaction studies with cimeti- 
dine, digoxin, metoprolol, and wartarin have 
been conducted; no clinically significant in- 
teraction was seen with cimetidine, digoxin, 
or warfarin, but tocainide and metoprolol had 
additive effects on wedge pressure and car- 
diac index. TONOCARD has also been used 
in open studies with digitalis, beta-blocking 
agents, other antiarrhythmic agents, anti- 
coagulants, and diuretics without evi- 
dence of clinically significant interactions. 
Nevertheless, caution should be exer- 
cised in the use of multiple drug therapy. 
Pregnancy 

Pregnancy Category C. In a teratogeni- 
City study in rabbits, tocainide was admin- 
istered orally at doses of 25, 50, and 100 
mg/kg/day (about 1 to 4 times the usual 
human dose) No evidence of a drug- 
related teratogenic effect was noted; 
however, these doses were maternotoxic 
and produced a dose-telated increase in 
abortions and stillbirths. In a teratogenicity 
Study in rats, an oral dose of 300 mg/ 
kg/day (about 12 times the usual human 
dose) showed no evidence of treatment- 
related fetal malformations, but materno- 
toxicity and an increase in fetal resorptions 
were noted, An oral dose of 30 mg/kg/day 
(about twice the usual human dose) did 
not produce any adverse effects. 

in reproduction studies in rats at mater- 
notoxic oral doses of 200 and 300 
mg/kg/day (about 8 and 12times the usual 
human dose, respectively), dystocia, and 
delayed parturition occurred which was ac- 
companied by an increase in stillbirths and 
decreased survival in offspring during the 
first week postpartum. Growth and viability 
of surviving offspring were not affected for 
the remainder of the lactation period. 

There are no adequate and well- 
controlled studies in pregnant women. 
TONOCARD should be used during preg- 
nancy only if the potential benefit justifies 
the potential risk to the fetus. 

Nursing Mothers 

H is not known whether tocainide is 
secreted in human milk. Because many 
drugs are secreted in human milk and 
because of the potential for serious 
adverse reactions in nursing infants from 
TONOCARD, a decision should be made 
whether to discontinue nursing or to dis- 
continue the drug, taking into account the 
importance of the drug to the mother. 
Pediatric Use 

Safety and effectiveness in children 
have not been established. 

ADVERSE REACTIONS 

TONOCARD commonly produces 
minor, transient nervous system and gas- 
troimtestinal adverse reactions, but is other- 


< wise generally well toterated. TONOCARD 


has: pen 3) and long: in pan short-term 


patients in —— controlled: 


were usually related to the nervous System 


or digestive systern. 
Adverse reactions occurring in greater 
than one percent of patients from the 


short-term and long-term controlled stud- — . 


ies appear in the following table: 


Percent of Patients 
Controlled Studies 
Short-term Long-term 
(n 1,358) (n= 262) 


BODY AS A WHOLE 

Tiredness/drowsiness/ 
fatigue/lethargy/ 
tassitude/ 
sleepiness 

Hot/cold feelings 


CARDIOVASCULAR 
Hypotension 
Bradycardia 
Palpitations 
Chest pain 
Conduction 
disorders 
Left ventricular 
failure 
DIGESTIVE 
Nausea 
Vomiting 
Anorexia 
Diarrhea/ioose 
stools 


NERVOUS SYSTEM/PSYCHIATRIC 
Dizziness/vertigo 
Paresthesia 
Tremor 
Contusion/ 
disorientation 
hallucinations 
Headache 
Nervousness 
Altered mood/ 
awareness 
incoordination/ 
unsteadiness/ 
walking 
disturbances 
Anxiety 
Ataxia 
SKIN 
Diaphoresis 
Rash/skin lesion 
SPECIAL SENSES 
Blurred vision/visual 
disturbances 13 15 
Tinnitus/ 
hearing loss 04 1.5 
Nystagmus 0.0 143 


An additional group of about 2,000 
patients has been treated in a program 
allowing for the use of TONOCARD under 
compassionate use circumstances. These 
patients were seriously ill with the large 
majority on multiple drug therapy, and 
comparadvely high doses of TONOCARD 
were used. Fifty-four percent of the pa- 
tients continued in the program for one 
year or longer, and 12 percent were treated 
for longer than three years, with the longest 
duration of therapy being nine years. Ad- 
verse reactions leading to therapy discon- 
tinuation occurred in 12 percent of patients 
(usually central nervous system effects or 
rash). A tabulation of adverse reactions 
occurring in one percent or more ol 
patients follows: 


Percent of Patients 
Compassionate Use 
in = 1,927) 


CARDIOVASCULAR 
increased ventricular 
arrhythmías/PVCs 
CHF/progression of CHF 
Tachycardia 
Hypotension 
Conduction disorders 
Bradycardia 


DIGESTIVE 

Mausea 

Anorexia 

Vomiting 
Diarrheasloose stools 


MUSCULOSKELETAL. 
 Arthritis/arthraigia — 


1j 


arrest; — € 


Digestive: Hepatitis: jauna 3 


euh abnorma 


pains, abnormal 
ophilia); inerea 
skelet 


Nervous — — 
convulsions/seizu my 


insomnia/ sian 
anesthesia; dream. à 
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"The usefulness of a positive early technetium-99m stannous pyrophos- 
phate (Tc-99m PPi) scan to predict effective reperfusion after thromboly- 
tic therapy for acute myocardial infarction was assessed in 16 consecutive 
patients. Patients presenting within 5 hours of onset of symptoms were 
treated with intravenous streptokinase. Scans and coronary angiograms 
were recorded a mean of 8 + 2 and 9 + 2 hours, respectively, after onset of 
symptoms. Effective reperfusion was present in 10 patients, 6 of whom 
had positive scans (sensitivity 60%). Of the 6 patients without effective 
reperfusion, 3 had positive scans (specificity 50%). Thus, early positive 
Tc-99m-PPi scan is not an accurate means to detect reperfusion after 
thrombolytic therapy for acute myocardial infarction. 


Effect of Intravenous Isosorbide Dinitrate Versus Nitroglycerin on 
Elevated Pulmonary Arterial Wedge Pressure During Acute Myocar- 
dial infarction 


Guillermo B. Cintron, Stephen P. Glasser, Barbara Arce Weston, Esteban 
Linares, C. Richard Conti, and Participating Investigators 


To compare the acute and sustained effect of intravenous isosorbide 
dinitrate to intravenous nitroglycerin in patients with acute myocardial 
infarction and elevated pulmonary artery wedge pressure, 111 patients 
were randomized and studied within 96 hours of admission to the coro- 
nary care unit. All patients had a pulmonary artery wedge pressure 218 
mm Hg and received either isosorbide dinitrate (74 patients} or nitroglyc- 
erin (37 patients} for 24 to 48 hours. Blood pressure, heart rate, pulmonary 
artery wedge pressure, cardiac output, medication dose in micrograms per 
minute and retitration episodes were compared at baseline and at 6, 12, 18 
and 24 hours. Both drugs significantly (p <0.05) lowered pulmonary artery 
wedge pressure and blood pressure and increased cardiac output. Isosor- 
bide dinitrate required fewer retitration episodes and less increases in 
dosage than nitroglycerin at 24 hours. In the patient with acute myocardial 
infarction complicated by high pulmonary artery wedge pressure who 
requires intravenous nitrates for 24 hours, isosorbide dinitrate may offer 
the benefit of a more stable hemodynamic effect. 


iparison of High- and Low-Intensity Exercise Training Early After 
Acute Myocardial Infarction 


James A. Blumenthal, W. Jack Rejeski, Margaret Walsh-Riddle, Charles F. 
Emery, Henry Miller, Steven Roark, Paul M. Ribisl, Pamela B. Morris, Peter 
Brubaker and R. Sanders Williams 


The effects of 2 different intensities of aerobic exercise on a consecutive 
series of men with a recent {<1 year) acute myocardial infarction were 
studied. Forty-five patients after an acute myocardial infarction were 
randomly assigned either to a high- (65 to 75% maximum oxygen con- 
sumption rate VOsmax } or to a low- («4595 VOzmax) intensity exercise 
raining program 3 times a week for 12 weeks. Mean VOsmax in creased- 





ardiographic 1 Manifestations and | In-Hospital Prognosis 


J ‘Transient Acute Myocardial Ischemia at Rest 


Silva Gave Paolo Marraccini, Claudio Michelassi, Enrico Orsini, Vincenz 
Nassisi, and Antonio L'Abbate 


The most common electrocardiographic manifestations of angina ate re 
were ST-segment elevation (45%) and ST-segment depression (39% 
whereas T-wave changes were rarer (16%). Spontaneous spasm was mor 
frequent in patients with ST-segment elevation. Despite a more freque 
alteration of coronary anatomy and of left ventricular function in patient: 
with ST depression, the occurrence of acute myocardial infarction and. 
death during hospitalization was more frequent in patients with ST eleva- - 
tion. A greater susceptibility to coronary vasoconstriction seems to ace 
count for different short-term outcome. | 


Lack of Diurnal Variation i in Maximal Symptom-Limited Exercise Test | 
Response in Chronic Stable Angina : 


Nardev S. Khurmi and Edward B. Raftery 


With the advent of new long-acting anti-ischemic drugs, it has become 
necessary to perform the exercise testing at various times of the day to 
determine the duration of action of a given drug. To examine the diurnal 
variation in exercise test response, exercise tests were performed on 41 
patients, ages 53 to 75 years, with established chronic stable angina on 2 
occasions 5 days apart at 10A.M. and 4 pM. on each day. On day 1, the 


mean + standard error of the mean exercise time was 5.0 + 0.4 minutesat * 
10 AM, 5.1 + 0.4 minutes at 4 PM, and on day 5, it was 5.6 + 0.4 minutes 


at 10 A.M. and 5.5 + 0.4 minutes at 4 pm. These values did not differ in — 
statistical significance. Similarly, the time to the development of 1 mm of - 
ST-segment depression did not show any statistically significant change - 
during either test period on either day nor did maximal ST-segment 
depression. No significant changes were observed in systolic blood pres- . 
sure and heart rate at rest and at maximal exercise. Thus, it appears that if 
exercise tests are performed under standardized conditions at the same 
time of day, no significant diurnal variations in cardiovascular function 
are likely i in patients with chronic stable angina. E 


| Diagnostic Value for Coronary Artery Disease of Chest Pain [ During | 
Dipyridamole-Thallium Stress Testing E 


Justin D. Pearlman and Charles A. Boucher 


7 Forty- five patients who had chest pain during dipyridamole-thallium test: 


T. ing performed within 3 months of coronary angiography were compared 


ontrol subjects who had the same 2 tests but who did not. 
Patients who underwent revascularization surgery or interi 
ere excluded. There! were no differences of diagnc stic value 
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Reduces workload of the heart by 
reducing myocardial 0, demand 


Preserves K^ balance 


Normalizes stress-induced systolic 
peaks with cardioselective 
beta-one blockade 

Contraindicated in sinus bradycardia, heart block 


greater than first degree, cardiogenic shock, and 
overt cardiac failure. 


Please consult Brief Summary of Prescribing 
Information on the following page. 
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First-step protection for the hypertensive heart 


Tablets 
Ampuls 
Pretilied Syringes 


Lopressor’ 


metobroiol tartrate USP 


BRIEF SUMMARY (FOR FULL PRESCRIBING 
INFORMATION, SEE PACKAGE INSERT} 


CONTRAINDICATIONS 

Hypertension and Angina 

Lopressor is contraindicated in sinus bradycardia. heart block 
reater than first degree, cardiogenic shock. and overt cardiac 
ailure (see WARNINGS). 

Myocardial infarction 

Lopressor is contraindicated in patients with a heart rate 

« 45 beats; min: second- and third-degree heart block: signifi 


WARNINGS 

Hypertension and Angina 

Cardiac Failure: Sympathetic stimulation is a vital component 
Supporting circulatory function in congestive heart faiiure, and 
beta blockade carries the potential hazard of further depressing 
myocardia! contractility and precipitating more severe failure 
In hypertensive and angina patients who have congestive heart 
failure controled by digitalis and diuretics. Lopressor shouid 
be administered cautiously. Both digitalis and Lopressor slow 
AV conduction. 

In Patients Without a History of Cardiac Failure: Continued 
depression of the myocardium with beta-blocking agents over 
a period of time can, in some cases, lead to cardiac failure At 
the firs: sign or symptom of impending cardiac failure. patients 
should be fully digitalized and/or given a diuretic. The response 
should be observed closely {f cardiac failure continues. despite 
adequate digitalization and diuretic therapy, Lopressor should 
be withdrawn. 


ischemic Heart Disease: Following abrupt cessation of | 
theraay with certain beta-blocking agents. exacerbations 
of angina pectoris and. in some cases. myocardial infarc- | 
tion have occurred. When discontinuing chronically 
administered Lopressor, particularly in patients with isch- 
emic heart disease, the dosage should be gradually 
reduced over a period of 1-2 weeks and the patient should | 
be carefully monitored. lf angina markedly worsens or | 
| 
| 





acute coronary insufficiency develops. Lopressor admin- 
istration should be reinstated promptiy. at least tem- 
porary. and other measures appropriate for the manage- 
ment of unstabie angina should be taken. Patients should 
De warned against interruption or discontinuation of 
therapy without the physician s advice. Because coronary 
artery disease is common and may be unrecognized. it 
may be prudent not to discontinue Lopressor therapy 


| abruptly even in patients treated only for hypertension | 


Bronchospastic Diseases: PATIENTS WITH BRONCHO- 
SPASTIC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 
BETA BLOCKERS. Because of its relative beta, selectivity, 
however, Lopressor may be used with caution in patients 
with bronchospastic disease who do not respond to, or can- 
not tolerate, other antihypertensive treatment. Since beta 
selectivity is not absolute, a beta,-stimulating agent should 
be administered concomitantly, and the lowest possible dose 
of Lopressor should be used. in these circumstances it would 
he prudent initially to administer Lopressor in smaller doses 
three times daily, instead of larger doses two times daily, to 
avoid the higher plasma levels associated with the longer 
dosing interval. (See DOSAGE AND ADMINISTRATION.) 


Major Surgery: The necessity or desirability ot withdrawing 
beta-blocking therapy prior to major surgery is controversial: 
the impaired ability of the heart to respond to reflex adrenergic 
stimuli may augment the risks of general anesthesia and sur- 
gical procedures. 

Lopressor, like other beta blockers, is a competitive inhibitor 
of beta-receptor agonists, and its effects can be reversed by 
administration of such agents, e g.. dobutamine or iso- 
proterenoi. However, such pace may be subject to pro- 
tracted severe hypotension. Difficulty in restarting and main- 
taining the heart beat has also been reported with beta 
blockers. 

Diabetes and Hypoglycemia; Lopressor should be used 
with caution in diabetic patients if a beta-biocking agent is 
required. Beta blockers may mask tachycardia occurring with 
hypoglycemia, but other manifestations such as dizziness and 
Sweating may not be significantly affected. 

Thyrotoxicosis: Beta-adrenergic blockade may mask certain 
clinical signs (&.g., tachycardia} of hyperthyroidism. Patients 
Suspected of developing thyrotoxicosis should be managed 
carefully to avoid abrupt withdrawal of beta blockade. which 
might precipitate a thyroid storm. 

Myocardial Infarction 

Cardiac Failure: Sympathetic stimulation is a vital component 
Supporting circulatory function. and beta blockade carries the 
potential hazard of depressing myocardial contractility and pre- 
cipitating or exacerbating minima! cardiac failure. 

During treatment with Lopressor, the hemodynamic status 
of the patient should be caretully monitored If heart failure 
occurs Of persists despite appropriate treatment. Lopressor 
should be discontinued. 

Bradycardia: Lopressor produces a decrease in sinus heart 
rate in most patients; this decrease is greatest among patients 
with high initial heart rates and least among patients with low 
initial heart rates. Acute myocardial infarction (particularly in- 
fenor infarction) may in itself produce significant lowering of 
the sinus fate. 1f the sinus rate decreases to < 40 beats min, 
particularly 1 associated with evidence of lowered cardiac oyt- 


put. atropine (0.25-0. 5 mgl shouid be administered intra- 
venously. If treatment with atropine is not successful. 
Lopressor should be discontinued. and cautious administration 
of isoproterenol or installation of 3 cardiac pacemaker shouid 
be considered. 


If heart block occurs. Lopressor should be discontinued and 
atropine (0.25-0.5 mg) should be administered intravenously 
if treatment with atropine is not successful, cautious adminis- 
tration of isoproterenol or installation of a cardiac pacemaker 
should be considered 

Hypotension: if hypotension (systolic blood pressure 
= 90 mmHg} occurs, Lopressor should be discontinued, 
and the hemodynamic status of the patient and the extent of 
myocardial damage carefully assessed. invasive monitoring 
of central venous. pulmonary capillary wedge. and arterna! 
pressures may pe required. Appropriate therapy with fluids. 
positive inotropic agents, balloon counterpulsation. or other 
treatment modalities should be instituted if hypotension is 
associated with sinus bradycardia or AV block, treatment 
should be directed at reversing these (see above) 

Bronchospastic Diseases: PATIENTS WITH BRONCHO- 
SPASTIC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 
BETA BLOCKERS. Because of its relative beta selectivity, 
Lopressor may be used with extreme caution In patients 
with bronchospastic disease. Because it is unknown to what 
extent beta;-stimulating agents may exacerbate myocardial 
ischemia and the extent of infarction, these agents should 
not be used prophylactically. if bronchospasm not related to 
congestive heart failure occurs, Lopressor should be discon- 
tinued. A theophylline derivative or a beta, agonist may be 
administered cautiously, depending on the clinical condition 
of the patient. Both theophylline derivatives and beta, agon- 
ists may produce serious cardiac arrhythmias. 


PRECAUTIONS 

General 

Lopressor should be used with caution in patients with im- 
paired hepatic function 

information for Patients 

Patients shouid be advised to take Lopressor regularly and 
continuously, as directed, with or immediately following meais 
ift a dose should be missed, the patient should take only the 
next scheduled dose (without doubling itj. Patients should not 
discontinue Lopressor without consulting the physician 

Patients should be advised (1) to avoid operating auto- 
mobiles and machinery or engaging in other tasks requiring 
alertness until the patient's response to therapy with Lopressor 
has been determined. {2} to contact the physician if any diffi- 
culty in breathing occurs: (3) to inform the physician or dentist 
before any type of surgery that he or she is taking Lopressor 
Laboratory Tests 
Clinical laboratory findings may include elevated levels of 
serum transaminase. atkaline phosphatase. and lactate 
dehydrogenase. 

Drug Interactions 

Catecholamine-depleting drugs (e.g., reserpine) may have an 
additive effect when given with beta-blocking agents Patients 
treated with Lopressor plus a catecholamine depietor should 
therefore be closely observed for evidence ot hypotension or 
marked bradycardia, which may produce vertigo, syncope. or 
postural hypotension. 

Carcinogenesis, Mutagenesis, impairment of Fertility 
Long-term studies in ammals have been conducted to evaluate 
carcinogenic potential. In 2-year studies in rats at three oral 
dosage levels of up to 800 mg/kg per day, there was no in- 
crease in the development of spontaneously occurring benign 
or malignant neoplasms of any type. The only histologic 
changes that appeared to be drug related were an increased 
incidence of generally mild focal accumulation of foamy mac- 
rophages in pulmonary alveoli and a slight increase in biliary 
hyperplasia. Neither finding represents symptoms of a known 
disease entity in man In a 21-month study in Swiss albino mice 
at three oral dosage levels of up to 750 mg/kg per day, benign 
lung tumors {small adenomas) occurred more frequently in 
female mice receiving the highest dose than in untreated con- 
trol animals. There was no increase in malignant or total 
(benign plus malignant? lung tumors, nor in the overall inci- 
dence of tumors or malignant tumors. This 21-month study 
was repeated in CD-T mice. and no statistically or biologically 
significant differences were observed between treated and con- 
troi mice of either sex for any type of tumor. 

All mutagenicity tests performed (a dominant lethal study in 
mice, chromosome studies in somatic celis, a Salmonella! 
mammalian-microsome mutagenicity test, and à nucieus 
anomaly test in somatic interphase nuclei) were negative 

No evidence of impaired fertility due to Lopressor was op- 
served in a study performed in rats at doses up to 55.5 times 
the maximum dady human dose ot 450 mg. 

Pregnancy Category C 

Lopressor has been shown to increase postimplantation loss 
and decrease neonatal survival in rats at doses up to 55.5 times 
the maximum daily human dose of 450 mg. Distribution stud- 
ies in mice confirm exposure of the fetus when Lopressor is 
administered to the pregnant animal. These studies have 
revealed no evidence of impaired fertility or teratogenicity. 
There are no adequate and well-controlled studies in pregnant 
women. Because anima! reproduction studies are not always 
predictive of human response, this drug shouid be used during 
pregnancy only if clearly needed. 

Nursing Mothers 

Lopressor is excreted in breast milk in very smail quantity, An 
infant consuming 1 liter of breast milk daily would receive a 
dose of less than 1 mg of the drug. Caution should be exercised 
when Lopressor is administered ta a nursing woman 

Pediatric Use 

Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 
Hypertension and Angina l 
Most adverse effects have been mild and transient. 

Central Nervous System: Tiredness and dizziness have 
occurred in about 10 of 100 patients. Depression has been 
reported in about 5 of 100 patients. Menta! confusion and 
short-term memory joss have been reported. Headache. night- 
mares, and insomnia have also been reported. 

Cardiovascular: Shortness of breath and bradycardia have 
occurred in approximately 3 of 100 patients. Coid extremities: 
arterial insufficiency. usually of the Raynaud type: paipitations: 
congestive heart failure; peripheral edama; and hypotension 
have been reported in about | of 100 patients. (See CON- 
TRAINDICATIONS, WARNINGS, and PRECAUTIONS | 

Respiratory: Wheezing (bronchospasm) and dyspnea have 
been reported in about 1 of 100 patients (see WARNINGS). 

Gastrointestinal: Diarrhea has occurred in about 5 of 
100 patients. Nausea. dry mouth, gastric pain, constipation, 
flatulence. and heartburn have been reported in about 1 of 
100 patients. 

Hypersensitive Reactions: Pruritus or rash have occurred in 
about 5 of 100 patients. Worsening of psoriasis has also been 
reported. 

Miscellaneous: Peyronie's disease has been reported in 
fewer than 1 of 100.000 patients. Musculoskeletal pain, blurred 
vision, and tinnitus Save also been reported. 

There have been rare reports of reversible alopecia, 
agranulocytosis. and dry eyes Discont-nuation of the drug 
should be considered if any such reaction is not otherwise 
explicable. 

The oculomucocutaneous syndrome associated with the deta 
blocker practolol has not been reported with Lopressor 
Myocardial Infarction 
Central Nervous System: Tiredness has been reported in 
about 1 of 100 patients. Vertigo, sleep disturbances. hailucina- 
tions. headache. dizziness, visual disturbances, confusion, 
and reduced libido have also been reported, but a drug rela- 
tionship is not clear 

Cardiovascular: ir the randomized comparison of Lopressor 
and placebo described in the CLINICAL PHARMACOLOGY sec- 
uon. the following adverse reactions were reported: 


Lopressor Placebo 

Hypotension 27 4% 23.2% 
(systolic BP < 90 mmHg) 

Bradycardia 15 9% 6.7% 
(heart rate « 40 beats; min) 

Second- or 4 79$ 4 795 
third-degree heart block 

First-degree 5 3% 1.9% 
heart block (P-R = 0.26 sec} 

Heart failure 27 5% 29.6% 


Respiratory: Dyspnea of pulmonary origin has been re- 
ported in fewer than 1 of 100 patients. 

Gastrointestinal: Nausea and abdominal pain have been 
reported in fewer than 1 of 100 patients. 

Dermatologic: Rash and worsened psoriasis have been 
reported. but a drug relationship is not clear. 

Miscellaneous: Unstable diabetes and claudication have 
been reported, but a drug relationship i5 not clear. 

Potential Adverse Reactions 

A variety of adverse reactions not listed above have been re- 
ported with other beta-adrenergic blocking agents and should 
be considered potentia! adverse reactions ta Lopressor. 

Central Nervous System: Reversible mental depression pra- 
gressing to catatonia, an acute reversible syndrome character 
zed by disorientation for time and place. short-term memory 
loss. emotional lability, slightly clouded sensorium, and de- 
creased perlormance on neuropsychometrics. 

Cardiovascular: intensification of AV block (see CONTRA- 
INDICATIONS). 

Hematologic: Agranulocytosis, nonthrombocytopenic pur- 
pura. thrombocytopenic purpura 

Hypersensitive Reactions: Fever combined with aching and 
sore throat, faryngospasm. and respiratory distress 
OVERDOSAGE 
Acute Toxicity 
Several cases of overdosage have been reported. some ieading 
to death. 

Oral LD s (mg-kg} mice, 1158-2460; rats. 3090-4670 
Signs and Symptoms 
Potential signs and symptoms associated with overdosage with 
Lopressor are bradycardia, hypotension. branchospasm. and 
cardiac failure 
Treatment 
There is no specitic antidote 

in general. patients with acute or recent myocardial intarc- 
ton may be more hemodynamically ünstable than other p 
tients and should be treated accordingly (see WARNINGS. 
Myocardial Infarction). 

On the basis of the pharmacologic actions of Lopressor the 
fofiowing general measures should be employed: 

Elimination ot the Drug: Gastric lavage should be 
performed. 

Bradycardia: Atropine should be administered. If there is no 
response to vagal blockade. isoproterenal should be adminis- 
tered cautiously 

Hypotension: A vasopressor should be administered, e.g.. 
ievartereno! or dopamine 

Bronchospasm: A betaz- stimulating agent and/or a theo- 
phylline derivative should be administered 

Cardiac Failure: A digitalis glycoside and diuretic should be 
administered. In shock resulting from inadequate cardiac con- 
tractiity, administration of dobutamine, isoproterenol. or 
giucagon may be considered. 
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We named our patented skin : Time efficient. Cost effective. 


preparation system Quik-Prep™ be- Like the name says, Quik- 
cause it makes prepping the patient Prep's fast. In most cases, ten elec- 
faster. But one look at the traces on trodes can be prepped in less than 
the right will tell you we could have three minutes. 
named it Stable Baseline Prep. Both You save expensive technician 
e traces were from the same patient, — — time every test. And you won't 
the same day, with the same Bruce Test Stage 4 (4.2 MPH, 16% Grade) waste either time or supplies repeat- 
equipment. ing tests because the skin wasn’t 
roperly prepped. That gives 
Consistently better Duk- Prep es —— than 
ECG traces. most standard electrodes. 
Proper skin preparation is the We'd like to show you how 
key to stable baselines. And Quik- Quik- Prep skin preparation system 
Prep is the key to proper skin Quik-Prepped Skin, can give you better ECG traces, more 
preparation. l Bruce Test Stage 4 (4.2 MPH, 16% Grade) efficiently. For a free demonstration, 
Quik-Prep’s patented applicator | call Quinton at 1-800-431-1114 or write 
rotates the center of a special pre-gelled pared so you get stable ECG baselines, us at 2121 Terry Ave., Seattle, WA 
silver-silver chloride electrode. By mea- — test after test. 08121 * Telex 3794094. 
suring the electrical impedance of the What's more, Quik-Prep won't 2 
skin electrode combination, it literally overabrade the skin, so your patients will Qu i nt on 
senses when the skin is properly pre- have less pain, less anxiety, less trauma. instrument co. 


WE COULD HAVE 
CALLED IT 











liagnostic value 


rity of coronary artery disease and has little 


Sustained Antianginal Efficacy of Transdermal Nitroglycerin Patches E 
Using an Overnight 10-Hour Nitrate-Free Interval d 


David H. Schaer, Leslie A. Buff, and Richard J. Katz 


Nitrate tolerance may be prevented by using a daily nitrate-free interval. | : i 
We evaluated the role of intermittent therapy with the transdermal nitro- 


glycerin patch in patients with chronic stable angina and reproducible . 
exercise time to the onset of angina. The highest tolerated nitroglycerin . 


patch was determined and then used in a double-blind randomized cross- og 
over trial with 2 treatment arms: 1 week of active nitroglycerin pathandi = 
week of matching placebo. All patches were worn only from 8:00 AM. to ^ — 


10:00 p.m. daily. Exercise tests were performed 4 and 8 hours after patch 
application on the first and last days of each treatment arm. A significant 
improvement in exercise time to the onset of angina and to the onset of 1 
mm of ST-segment depression was seen during both the first and last days 
of testing. This dosing regimen suggests that tolerance may be avoided by 
providing interrupted exposure to nitroglycerin. 


Usefulness of Early Radionuclide Angiography for Identifying Low- 


Risk Patients for Late Restenosis After Percutaneous Transluminal 
Coronary Angioplasty 


James H. O'Keefe, Jr., Andre C. Lapeyre Ill, David R. Holmes, Jr., and 
Raymond J. Gibbons 


Forty-eight patients with initially successful coronary angioplasty under- 
went early exercise radionuclide angiography and late coronary angiog- 
raphy. Findings on the early exercise radionuclide angiogram were nor- 
mal for 17 patients. None of these patients had restenosis. In contrast, of 


the 31 patients with abnormal radionuclide angiographic findings, 13 


(42%) had restenosis. Early exercise radionuclide angiography can identi- 
fy a subgroup of patients who are at low and high risk for eventual 
restenosis. 


Normalization of Coronary Flow Reserve by Percutaneous Translu- 
minal Coronary Angioplasty 


Felix Zijlstra, Johan C. Reiber, Yves Juilliere, and Patrick W. Serruys 


Fifteen patients undergoing routine follow-up angiography 5 months after. 
successful percutaneous transluminal coronary angioplasty (PTCA) with- 
out angina and with normal exercise thallium scintigraphy were selected 
for analysis. The coronary flow reserves of these patients were compared. 
with those of 24 patients with angiographically normal coronary arterie 
to establish whether PTCA can restore to normal the coronary flaw re 
serve of patients with chronic coronary artery disease. The quantitativ 


.. cineangiographic changes and the concomitant alterations in corong 


ow reserve as an immediate result of the PTCA and the subs 
s later are described. In 11 of 15 patients coron 




















INOTROPY DELIVERS: — — 
Significant increase in 5 








to an angiotensin-converting — ; 
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| CLINICAL BENEFIT: 4 
_ Improvement in exercise _ 
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Improves ejection fraction- 
an important predictor of 


survival. 

In a long-term double-blind study of 300 
patients with mild to moderate congestive heart 
failure, digoxin produced a significant increase 
in ejection fraction compared to captopril and 
placebo.' Ejection fraction, a measure of 
ventricular performance, has proven to be an 
important predictor of survival." 


Percent Improvement in Ejection Fraction*! 
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Improves exercise tolerance 
and cardiac output. 


A recent study showed digoxin significantly im- 
proved exercise tolerance and O, consumption 
over placebo.? Similar results were produced 
with captopril.’ 

In another study, there was no significant 
statistical difference between the digoxin and 
captopril groups in exercise tolerance and 
functional class.' In addition, digoxin has been 
shown to produce significant improvement in 
cardiac output in patients at rest as well as 
during exercise.’ 





*Watts reached (over washout period baseline) at the end of maximum effort (P «.001). 


No difference was observed between the two 
active treatments. A significant increase in exer- 
cise tolerance over respective washout periods 
was demonstrated. 





Wellcome 


An integral part of all 
regimens that increase 
survival. 


In a double-blind trial, patients with chronic 
congestive heart failure (CHF) undergoing 
treatment with digoxin and diuretics received 
additional treatment with prazosin, hydral- 
azine plus isosorbide dinitrate (ISDN), or pla- 
cebo. The results showed that the combination 
of digoxin, diuretics, hydralazine, and ISDN 
was the most effective for maximizing survival 
in patients with CHE? Similar beneficial effects 
on mortality were found in the CONSENSUS 
Trial Study Group when enalapril was com- 
bined with diuretics and digoxin.* 





References: 1. Goldstein S, Pitt B: Comparison of effects of captopril and di- 
goxin on ejection fraction, exercise tolerance, clinical status, and arrhythmias in 
patients with mild to moderate heart failure. J Am Coll C ardiol 1987;9:203A. 
2. Alicandri C, Fariello R, Boni E, et al: Comparison of captopril and digoxin in 
mild to moderate heart failure. Postgrad Med J 1986;62(suppl 1):170-175. 

3. Cohn JN, Archibald DG, Ziesche S, et al: Effect of vasodilator therapy on 
mortality in chronic congestive heart failure. N Engl J Med 1986; 314:1547-1552. 
4. CONSENSUS Trial Study Group: Effects of enalapril on mortality in severe 
congestive heart failure. N Engl J Med 1987;316:1429-1435. 5. Arnold SB, 
Byrd RC, Meister W, et al: Long-term digitalis therapy improves left ventricular 
function in heart failure. N Engl J Med 1980; 303:1443-1448. 
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LANOXIN 


(digoxin) Tablets 
Unique 
support for the 
failing heart. 


See brief summary of prescribing information on the next page. 





cored 1.0. imprint T9A (green) 


noxin Tablets, the physician should be thoroughly familiar with the 
macology of this drug as well as its drug interactions, indications, and 


in digoxin, one of the cardiac (or digitalis) glycosides, a closely related group of drugs having in 
ic effects on the myocardium. 
The increased cardiac output resulting from the inotropic action of digoxin ameliorates the disturbances 
heart failure (venous congestion, edema, dyspnea, orthopnea and cardiac asthma). 
effective in "low output" (pump) failure than in "high output" heart failure secondary to arteriovenous 
infection or hyperthyroidism. l 
continued after failure is controlled, unless some known precipitating factor is corrected. Studies have 
Wer, that even though hemodynamic effects can be demonstrated in almost all patients, corresponding 
n the signs and symptoms of heart failure is not necessarily apparent. Therefore, in patients in whom 
Gifficutt to regulate, or in whom the risk of toxicity may be great (e.g. . patients with unstable renal function 
jassium levels tend to fluctuate) a cautious withdrawal of digoxin may be considered. if digoxin is 
the patient should be regularly monitored for clinical evidence of recurrent heart failure. 
TIONS: Digitalis glycosides are contraindicated in ventricular fibrillation, 
untoward effect requiring permanent discontinuation of other digitalis preparations usually 
faindication to digoxin. Hypersensitivity to digoxin itself is a contraindication to its use. Allergy to 
. does occur. It may not extend to all such preparations, and another digitalis glycoside may be tried 


Digitalis alone or with other drugs has been used in the treatment of obesity. This use of digoxin or other 
ides is unwarranted. Moreover, since they may cause potentially fatal arrhythmias or other adverse effects, 
Hays solely for the treatment of obesity is dangerous. 

ing and arrhythmias may accompany heart failure or may be indications of digitalis intoxication. 
)n of the cause of these symptoms should be attempted before further digitalis administration. in such 
gtermination of the serum digoxin concentration may be an aid in deciding whether or not digitalis toxicity 
ent. H the possibility of digitalis intoxication cannot be excluded, cardiac glycosides should be 

, 4f permitted by the clinical situation. 
fisufficiency require smaller than usual maintenance 
! DOSAGE AND ADMINISTRATION section in the com- 


) 

ing acute glomerulonephritis requires extreme care 

latively iow loading and maintenance doses and concomi- 

iper tensive drugs may be necessary and careful monitoring 

n should be discontinued as soon as possible. 

Severe carditis, such as carditis associated with rheumatic 

'Qcarditis, are especially sensitive to digoxin-induced distur- 
splay considerable variability in their tolerance to digox- 
immature infants are particularly sensitive, and dosage 
je reduced but must be individualized according to their 


U j 
toxicity develops more frequently and lasts longer in nique 


impairment because of the decreased excretion of digox- 
jid be anticipated that dosage requirements will be 
‘with moderate to severe renal disease (see DOSAGE 
JN. section in the complete prescribing information]. 
ged half-life, a longer period of time is required to 


sitizes the myocardium to digoxin. Therefore, it is desirable to maintain 
mal serum potassium levels in patients being. treated with digoxin. 
okalemia may result from diuretic. amphotericin B or corticosteroid therapy, and from dialysis or mechanical suction 
intestinal secretions. It may also accompany malnutrition, diarrhea, prolonged vomiting, old age and long- 
ig heart failure. In general, rapid changes in serum potassium or other electrolytes should be avoided, and 
nous treatment with potassium should be reserved for special circumstances as described below (see TREATMENT 
HYTHMIAS PRODUCED BY OVERDOSAGE section). 
ium, particularly when administered rapidly by the intravenous route, may produce serious arrhythmias in digitalized 
Br percalcemia from any cause predisposes the patient to digitalis toxicity. On the other hand, hypocalcemia can 
effects of digoxin in man; thus, digoxin may be ineffective until serum calcium is restored to normal. These 
ons are related to the fact that calcium affects contractility and excitability of the heart in a manner similar to 


Qmagnesemia may predispose to digitalis toxicity. I low magnesium levels are detected in a patient on digoxin, 
cement therapy should be instituted. 
idine, verapamil, and amiodarone cause a rise in serum digoxin concentration, with the implication that digitalis 
on may result. This rise appears to be proportional to the dose. The effect is mediated by a reduction in the 
earance and, in the case of quinidine, decreased volume of distribution as well. 
ntibiatics may increase digoxin absorption in patients who convert digoxin to inactive metabolites in the gut (see 
Icokinatics portion of the CLINICAL PHARMACOLOGY section in the complete prescribing information). Recent 
Shown that specific colonic bacteria in the lower gastrointestinal tract convert digoxin to cardioinactive 
oducts, thereby reducing its bioavailability. Although iactivation of these bacteria by antibiotics is rapid, the 
jt concentration will rise at a rate consistent with the elimination half-life of digoxin. The magnitude of rise in 
in concentration relates to the extent of bacterial inactivation, and may be as much as two-fold in same cases. 
y acute myocardial infarction or severe pulmonary disease may be unusually sensitive to digoxin-induced 
f rhythm. 
Has associated with hypermetabolic states (e.g. hyperthyroidism) are particularly resistant to digoxin 
+ doses of digoxin are not recommended as the only treatment of these arrhythmias and care must be taken 
y if large doses of digoxin are required. in hypothyroidism, the digoxin requirements are reduced. Digoxin 
patients with compensated thyroid disease are normal. 
oxin dosage may be desirable prior to electrical cardioversion to avoid induction of ventricular 
the physician must consider the consequences of rapid increase in ventricular response to atrial 
digoxin is withheld 1 to 2 days prior to cardioversion. If there is a suspicion that digitalis toxicity exists, 
oversion should be delayed. f it is not pruderit to delay cardioversion, the energy level selected should be 
rsf and carefully increased in an attempt to avoid precipitating ventricular arrhythmias. 
A block, especially in patients with Stokes-Adams attacks, may progress to advanced or complete heart block 


its with sinus node disease (i.e. Sick Sinus Syndrome}, digoxin may worsen sinus bradycardia or sino-atrial 


Giff-Parkinson-White Syndrome and atrial fibrillation, digoxin can enhance transmission of impulses 
sary pathway. This effect may result in extre ventricular rates and even ventricular fibrillation. 


IN THE EARLY TREATMENT OF CHF 


OXI 


(digoxin) Tablets 


initial or new steady-state concentration in patients with renal . . 
int than in patients with normal renal function. 
ts with hypokalemia, toxicity may occur despite serum digoxin 
jons within the "normal range", because potassium depietion e 


pertrophic subaortic stenosis (IHSS). Unless 


cinyicholine may cause a sudden extrusion of potassium from muscle cells, and may thereby cau 
patients. Although 8 adrenergic blockers or calcium channel blockers and digoxin may be use 
atrial fibrillation, their additive effects on AV node conduction can resuit in compete heart bic 
Due to the considerable variability of these interactions, digoxin dosage should be carefi 
receive coadministered medications. ME 

s, Mutagenesis, impairment of Fertility: There have been no long-term: 
evaluate carcinogenic potential. r4 
Pregnancy: Ter. Effects: Pregnancy Category C. Animal reproduction studies have not bee 
It is also not known whether digoxin can cause fetal harm when administered to a pregnant woman or can 
capacity. Digoxin should be given to a pregnant woman only if clearly needed. — po 
Nursing Mothers: Studies have shown that digoxin concentrations in the mother's serum and milk are similar. Hoi 
estimated daily dose to a nursing infant will be far below the usual infant maintenance di refo 


have no pharmacologic effect upon the infant, Nevertheless, caution should be exercised when digoxin is administered to a- 


nursing woman. gU b 
ADVERSE REACTIONS: The frequency and severity of adverse reactions fo digoxin depend on 
administration, as well as on the patient's underlying disease or concomitant therapies (see PR 
overall incidence of adverse reactions has been reported as 5 to 20%, with 15 to 20% of them 
to four percent of patiants receiving digoxin). Evidence suggests that the incidence of toxici 
introduction of the serum digoxin assay and improve 
tablets. Cardiac toxicity accounts for about one-half, g 
for about one-fourth, and CNS and other toxicity for 
adverse reactions. — 
£p Adults: T 
Cardiac-—Unifocal or multiform ventricular premature 
bigemina! or trigeminal patterns, are the most commen 
with digoxin toxicity in adults with heart disease. 
Ventricular tachycardia may resuit from digitalis toxic 
dissociation, accelerated junctional (nodal) rhythm: and 
block are also common arrhythmias caused by di overdosage 
Excessive slowing of the pulse is a clinical sign of digoxin overdosage. A 
(Wenckebach) of increasing degree may proceed to complete heart block. 


may or may not be associated with digitalis toxicity, —^ 
Gastrointestinal — Anorexia, nausea. vomiting and iess commonly dia 
common early symptoms of overcosage, However, uncontrolled heart failure 


pain and hemorrhagic necrosis of the intestines. cae EUN 

CNS— Visual disturbances (blurred or yellow vision), headache, weakness, 

thy and psychosis car occur. ^» qe ox 
Gynecomastia is occasionally observed... 0. 

infants and Children: Toxicity differs from the adult in a. number 

Anorexia, nausea, vomiting, diarrhea and CNS disturt 

are tare as initial symptoms in infants. Cardiac arrhythm 


to watch for any evidence of potassium toxicity (e.g. peaking of T waves 
infusion may be stopped when the desired effect is achieved. 


TRATION: Recommended are aver: 
because of individual sensitivity or associated conditions 
modification of recommended doses. 
in deciding the dose of digoxin, several factors must be considered: 
1. The disease being treated. Atrial arrhythmias may require larger di ti 
2. The body weight of the patient. Doses shouid be calculated based lean 
3. The patient's renal function, preferably evaluated on the basis of creatinine 
4. Age is an important factor in infants and children. — ——— 5 
5. Concomitant disease states, drugs or other factors likely. to alte 

sections CES 


.... , PRECAUTIONS and Drug interactions sections) 
Consult complete product information before prescrib 


: £:1987 Burroughs Wellcome Ga. 





Note: The electrocardiogram is fundamental in determining the presence and - 
nature of these cardiac disturbances. Digoxin may also induce other changes in. 
the ECG (e.g. PR prolongation, ST depression), which representdigoxin effect and — 


also produce such symptoms. Digitalis toxicity very rarely may cause abdominal: 








































The reader can quickly find 
the following for both com- 
mercially available and 
investigational drugs: 

e Structure 

* Mechanism of Action 

* Pharmacokinetics 

e Toxicity 
* Therapy 
* Dosage forms 





The chemotherapeutic agents 
in the main listing section 
cover these categories: 
Alkylating Agents 
Antimetabolites 
Mitotic Inhibitors 
Antibiotics 
Miscellaneous (includes 
such drugs as Inter- 
ferons, Mithramycin, 
Mitotane, etc.) 


A new section in this second 
edition is a basic introduction 
for understanding principles of 
chemotherapy, "Synopsis of 
Cancer Growth Kinetics and 
Chemotherapy." Other new 
sections include "Hormona! 
Agents," “Treatment of Extra- 
vasation," "Safe Handling of 
Parenteral Chemotherapy 
Agents," and an updated list- 
ing of the more commonly used 
combination chemotherapy 
regimens. Finally, a section on 
“Interferons.” 


2nd edition just published 


A Synopsis of 


Cancer 
Chemotherapy 


Completely revised and updated 
to include the latest information 
on drug interactions in cancer chemotherapy 


Written by three leading authorities on the use of chemotherapeutic agents 





Richard T. Silver, M.D. 

Chief, Section of Oncology, Chemotherapy 
Research 

Division of Hematology-Oncology 

Former Vice-Chairman, Cancer and 
Leukemia Group B. 

Clinical Professor of Medicine, Cornell 
University Medical College 

Attending Physician, The New York Hospital 


Charles I. Jarowski, M.D. 

Clinical Assistant Professor of Medicine, 
Cornell University Medical College 
Assistant Attending Physician, The New 

York Hospital 


With an introduction by: 

Larry Norton, M.D. 

Associate Professor of Neoplastic Diseases, 
Mount Sinai School of Medicine 

Associate Attending Physician, Mount Sinai 
Hospital 


R. David Lauper, Pharm.D. 
Associate Director Professional Services, 
Cetus Corporation 


Continuing developments in clinical chemotherapy since 1977 have 
encouraged us to prepare this second edition. 

The need for a book of this kind has increased because of the larger 
number of oncologists, general internists, nurse oncologists, clinical 
pharmacists, surgeons, students and allied health personnel interested 
in a concise and accurate guide to cancer chemotherapeutic drugs. 


USE IT FOR 30 DAYS—FREE 


Refer to it for chemotherapeutic information for a full month. Then keep the book only if you want 


it for permanent reference. Otherwise simply return it and owe nothing. You have nothing to lose 
and a whole world of valuable life-saving knowledge to gain. Order right now! 





YORKE MEDICAL BOOKS AJCAB 
Box C-757, Brooklyn, NY 11205 


YES! Please send me a copy of A SYNOPSIS OF CANCER CHEMO- 
THERAPY at only $35.00. I may use the book for 30 days and, if not 
completely satisfied, return it for full credit or refund. 


[] Payment enclosed, publisher pays shipping cost. 
O Bill me plus cost of shipping. 


Name 3 DESUS eee S ee ee 5 


Address |... 0 ina M 


Zip 
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 Bandgrip Test in Patients with Variant Angina 


Yasuhiro Morikami, Hirofumi Yasue, Ken Okumura, Yutaka Horio, Hiromi 
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The benefit of antianginal 
protection plus safety... 






| CARDIZEM = 
— 


. CARDIZEM: A FULLER LIFE 


diltiazem HCI/Marion 


A remarkable safety profile'* 


The low incidence of side effects with Cardizem allows patients fo feel better. 


Protection against angina attacks'*’” 
The predictable efficacy of Cardizem in stable exertional* and vasospastic 
ER angina allows patients to do more. 


x 
GRE hot A decrease in myocardial oxygen demand 
OX QM y Resulting from a lowered heart rate-blood pressure product.’ 


" Compatible with other antianginals" 


Safe in angina with coexisting hypertension, 
COPD, asthma, or PVD'*** 


*CARDIZEM* (diltiazem HCI) is indicated in the treatment of angina pectoris due to coronary artery spasm and in the 
management of chronic stable angina (classic effort-associated angina) in patients who cannot tolerate therapy with 
beta-blockers and/or nitrates or who remain symptomatic despite adequate doses of these agents. 






‘See Warnings and Precautions. 


Please see brief summary of prescribing information on the next page. 0453S7 
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diltiazem HC/Marion PLUS SAFETY 
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Usual maintenance dosage range: 180-360 mg/day 


Brief Summary 
Professional Use Information 


CARDIZEM® 
(diltiazem HCI) 30 mg, 60 mg, 90 mg, and 120 mg Tablets 


CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with sick 
sinus syndrome except in the presence of a functioning 
ventricular pacemaker, (2) patients with second- or 
third-degree AV block except in the presence of a functioning 
ventricular pacemaker, and (3) patients with hypotension 
(less than 90 mm Hg systolic). 


WARNINGS 
1. Cardiac Conduction. CARDIZEM prolongs AV node 

refractory periods without significantly prolonging 
sinus node recovery time, except in patients with sick 
sinus syndrome. This effect may rarely result in 
abnormally slow heart rates (particularly in patients 
with sick sinus syndrome) or second- or third-degree 
AV block (six of 1,243 patients for 0.48%). Concomi- 
fant use of diltiazem with beta-blockers or digitalis 
may result in additive effects on cardiac conduction. A 
patient with Prinzmetal's angina developed periods of 
asystole (2 fo 5 seconds) after a single dose of 60 mg 
of diltiazem. 

2. Congestive Heart Failure. Although diltiazem has a 
negative inotropic effect in isolated animal tissue 
preparations, hemodynamic studies in humans with 
normal ventricular function have not shown a 
reduction in cardiac index nor consistent negative 
effects on contractility (dp/dt). 

Experience with the use of CARDIZEM alone or in 
combination with beta-blockers in patients with 
impaired ventricular function is very limited. Caution 
should be exercised when using the drug in such 
patients. 

3. Hypotension. Decreases in blood pressure associated 
with CARDIZEM therapy may occasionally result in 
symptomatic hypotension. 

4. Acute Hepatic Injury. In rare instances, significant 
elevations in enzymes such as alkaline phosphatase, 
CPK, LDH, SGOT, SGPT, and other symptoms 
consistent with acute hepatic injury have been noted. 
These reactions have been reversible upon discontin- 
uation of drug therapy. The relationship to CARDIZEM is 
uncertain in most cases, but probable in some. (See 
PRECAUTIONS. ) 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is 
extensively metabolized by the liver and excreted by the 
kidneys and in bile. As with any new drug given over 
prolonged periods, laboratory parameters should be moni- 
tored at regular intervals. The drug should be used with 
caution in patients with impaired renal or hepatic function. In 
subacute and chronic dog and rat studies designed to 
produce toxicity. high doses of diltiazem were associated 
with hepatic damage. In special subacute hepatic studies, 


oral doses of 125 mg/kg and higher in rats were associated 
with histological changes in the liver which were reversible 
when the drug was discontinued. In dogs, doses of 20 
mg/kg were also associated with hepatic changes; however, 
these changes were reversible with continued dosing. 

Drug Interaction. Pharmacologic studies indicate that 
there may be additive effects in prolonging AV conduction 
when using beta-blockers or digitalis concomitantly with 
CARDIZEM. (See WARNINGS. ) 

Controlled and uncontrolled domestic studies suggest that 
concomitant use of CARDIZEM and beta-blockers or digitalis 
is usually well tolerated. Available data are not sufficient 
however, fo predict the effects of concomitant treatment 
particularly in patients with left ventricular dysfunction or car- 
diac conduction abnormalities. In healthy volunteers, 
diltiazem has been shown to increase serum digoxin levels 
up to 2096. 

Carcinogenesis, Mutagenesis, Impairment of Fertility. 
A 24-month study in rats and a 21-month study in mice 
showed no evidence of carcinogenicity There was also no 
mutagenic response in in vitro bacterial tests. No intrinsic 
effect on fertility was observed in rats. 

Pregnancy. Category C. Reproduction studies have been 
conducted in mice, rats, and rabbits. Administration of doses 
ranging from five fo fen times greater (on a mg/kg basis) 
than the daily recommended therapeutic dose has resulted in 
embryo and fetal lethality. These doses, in some studies, 
have been reported to cause skeletal abnormalities. In the 
perinatal/postnatal studies, there was some reduction in 
early individual pup weights and survival rates. There was 
an increased incidence of stillbirths at doses of 20 times the 
human dose or greater. 

There are no well-controlled studies in pregnant women; 
therefore, use CARDIZEM in pregnant women only if the 
potential benefit justifies the potential risk to the fetus. 

Nursing Mothers. Diltiazem is excreted in human milk 
One report suggests that concentrations in breast milk may 
approximate serum levels. If use of CARDIZEM is deemed 
essential, an alternative method of infant feeding should be 
instituted. 

Pediatric Use. Safety and effectiveness in children have 
not been established. 


ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies 
carried out fo date, but it should be recognized that patients 
with impaired ventricular function and cardiac conduction 
abnormalities have usually been excluded. 

In domestic placebo-controlled trials, the incidence of 
adverse reactions reported during CARDIZEM therapy was 
not greater than that reported during placebo therapy. 

The following represent occurrences observed in clinical 
studies which can be at least reasonably associated with the 
pharmacology of calcium influx inhibition. In many cases, 
the relationship to CARDIZEM has not been established. The 
most common occurrences as well as their frequency of 
presentation are: edema (2.4%), headache (2. 1%), 
nausea (1.9%), dizziness (1.596), rash (1.396), asthenia 
(1.296). In addition, the following events were reported 
infrequently (less than 1%): 






[160mg [190 mg 
[]120 mg 


Sq: tid 


Angina, arrhythmia, AV block (first 
degree), AV block (second or third degree 
— see conduction warning), bradycar- 
dia, congestive heart failure, flushing, 
hypotension, palpitations, syncope. 
Nervous System: Amnesia, gait abnormality, hallucina- 
fions, insomnia, nervousness, paresthe- 
sia, personality change, somnolence, 
finnitus, tremor. 
Gastrointestinal: Anorexia, constipation, diarrhea, 
dysgeusia, dyspepsia, mild elevations of 
alkaline phosphatase, SGOT, SGPT, and 
LDH (see hepatic warnings), vomiting, 






Cardiovascular: 


weight increase. 

Dermatologic: Petechiae, pruritus, photosensitivity, 
urticaria. 

Other: Amblyopia, dyspnea. epistaxis, eye 


irritation, hyperglycemia, nasal conges- 
hon, nocturia, osteoarticular pain, 
polyuria, sexual difficulties. 

The following posimarketing events have been reported 
infrequently in patients receiving CARDIZEM: alopecia, 
gingival hyperplasia, erythema multiforme, and leukopenia. 
However, a definitive cause and effect between these events 
and CARDIZEM therapy is yet to be established. 

Issued 9/86 
See complete Professional Use Information before prescribing. 
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Another patient benefit product from 
PHARMACEUTICAL DIVISION 
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LABORATORIES, INC. 
KANSAS CITY,MO 64137 


0453S7 


From the Publishers of The American Journal of Cardiology, The American 
Journal of Medicine and The American Journal of Surgery 


The First Practical Atlas of 
2-D Echocardiography Ever Published 





e 


l 2-dimensional echocardiography com- 
plemented by M-mode echocardiography 
has become one of the most common 
noninvasive diagnostic tools used by the 
cardiologist. With publication of the 
ATLAS OF 2-DIMENSIONAL ECHOCAR- 
DIOGRAPHY, neophyte and expert alike 
now have available to them the most truly 
usable didactic presentation of the subject 
ever published. 


A true atlas, this book provides in a large 
8'4 x 12 format 251 black and white 
half tones, 152 line drawings and 6 
charts which illustrate in exacting detail 

l how to perform and interpret 
2-dimensional echocardiograms on patients 
with existing and/or suspected heart 
disease. The lucid accompanying text leads 
the reader step-by-step through the entire 
process, leaving little to the imagination. It 
presents in the most simple, direct way 
possible the broadest range of normal and 
abnormal 2-dimensional echocardiograms. 
The descriptions and detailed illustrations 
in its technical sections will ensure the 
superior level of performance of echocar- 
diographic techniques that is a sine qua 
non for good results. 


To order your copy of this impor- 
tant new book use the order form 
to the right. 





A “‘how-to-do-it’’ text/atlas 

presenting the broadest range of 
normal and abnormal 
2-dimensional echocardiograms 


Atlas of 2-Dimensional 
Echocardiography 


by Alfredo Palacio, MD 

Director of National Institute of Cardiology, Guayaquil, Ecuador 

Foreword by David H. Spodick, MD, DSc 

Professor of Medicine, University of Massachusetts Medical School; 

Director, Division of Cardiology, St. Vincent Hospital, Worcester, Massachusetts 


ISBN 0-914316-35-4, 198 pp, illus., large format 81⁄4 x 12, March '83, $69.00 
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ingisa brief summary only. Before prescribing, see complete prescribing information in 
- —* t labeling. 
AnD E: TRANDATE® Tablets are indicated in the management of hypertension. 


ablets may be used alone or in combination with other antihypertensive agents, especially 

AINDICATIONS. TRANDATE® Tablets are contraindicated in bronchial asthma, overt cardiac failure, 
f-first-degree heart block, cardiogenic shock, and severe bradycardia (see WARNINGS). 

ARIINGS: Cardiac Failure: Sympathetic stimulation is a vital component supporting circulatory function 


ve heart failure. Beta-blockade carries a potential hazard of further depressing myocardial 
and precipitating more severe failure. Although beta-blockers should be avoided in overt 

tive heart failure, if necessary labetalol HCI can be used with caution in patients with a history of 

jilure who are well compensated. Congestive heart failure has been observed in patients receiving 

: Labetalol HCI does not abolish the inotropic action of digitalis on heart muscle. 

i Without a History of Cardiac Failure: in patients with latent cardiac insufficiency, continued 

sion of the myocardium with beta-blocking agents over a period of time can, in some cases, lead to 
Failure. At the first sign or symptom of impending cardiac failure, patients shouid be fully digital- 

and/or be given a diuretic, and the response should be observed closely. If cardiac failure continues 

ite adequate digitalization and diuretic, TRANDATE® therapy should be withdrawn (gradually, if 


hos of ischemic Heart Disease Following Abrupt Withdrawal: Angina pectoris has not been 

fi labetalol HCI discontinuation. However, hypersensitivity to catecholamines has been 
patients withdrawn from beta-blocker therapy; exacerbation of angina and, in some cases, 
dial infarction have occurred after abrupt discontinuation of such therapy. When discontinuing 

administered TRANDATE, particularly in patients with ischemic heart disease, the dosage 

gradually reduced over a period of one to two weeks and the patient should be carefully moni- 
ina markedly worsens or acute coronary insufficiency develops, TRANDATE administration 
stituted promptly, at least temporarily, and other measures appropriate for the management 
ngina should be taken. Patients should be warned against interruption or discontinuation of 
ut the physician's advice. Because coronary artery disease is common and may be unrecog- 
he prudent not to discontinue TRANDATE therapy abruptly even in patients treated only for 


pachos (eg, Chronic Bronchitis and Emphysema): Patients with bronchospastic 
, in general, not receive beta-blockers. TRANDATE may be used with caution, however in 
) fof respond to, or cannot tolerate, other antihypertensive agents. It is prudent, if 
used, — smallest effective dose, so that inhibition of endogenous or exogenous 
s minimized. 
oma: Labetalol HCI has been shown to be effective in lowering blood pressure and 
Hits in patients with pheochromocytoma. However, paradoxical hypertensive responses 
orted in a few patients with this tumor; therefore, use caution when administering labetalol 
nts with pheochromocytoma. 
itu: and Hypoglycemia: Beta-adrenergic blockade may prevent the appearance of premoni- 
leg, tachycardia) of acute hypoglycemia. This is especially important with labile 
a-h also reduces the release of insulin in response to hyperglycemia; it may there- 
essary to adjust the dose of antidiabetic drugs. . 
gery: The necessity or desirability of withdrawing beta-blocking therapy prior to major surgery 
rial. Protracted severe hypotension and difficulty in restarting or maintaining a heartbeat 
téported with beta-blockers. The effect of labetalol HCI's alpha-adrenergic activity has not 
ted in this setting. 
gism — labetalol HCI and halothane anesthesia has been shown (see Drug Interactions 


TIONS: General: impaired Hepatic Function: TRANDATE® Tablets should be used with caution in 
with impaired hepatic function since metabolism of the drug may be diminished. 
e or Hepatic Dysfunction: On rare occasions, labetalol HC! has been associated with jaundice 
and cholestatic). it is therefore recommended that treatment with labetalol HCI be stopped 
should a patient develop jaundice or laboratory evidence of liver injury. Both have been 
reversible on stopping therapy. 
for Patients: As with all drugs with beta-blocking activity, certain advice to patients being 
tabetalol HCl is warranted. This information is intended to aid in the safe and effective use 
ation. It is not a disclosure of all possible adverse or intended effects. While no incidence of 
ifidrawal phenomenon (exacerbation of angina pectoris) has been reported with labetalol 
with TRANDATE Tablets should not be interrupted or discontinued without a physician's 
tients being treated with TRANDATE Tablets should consult a physician at any sign of impending 
ure. Also, transient scalp tingling may occur, usually when treatment with TRANDATE Tablets 
ee ADVERSE REACTIONS). 
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See 
Tests: As with any new drug given over prolonged periods, laboratory parameters should be 
v regular intervals, In patients with concomitant illnesses, such as impaired renal function, 

ests should be done to monitor these conditions. 

jas: In one survey, 2.3% of patients taking labetalol HCI in combination with tricyclic 

S experienced tremor as compared to 0.7% reported to occur with labetalol HC! alone. The 

each of the treatments to this adverse reaction is unknown, but the possibility of a drug 

tinot be excluded. 

essing beta-blacking properties can blunt the bronchodilator effect of beta-receptor agonist 

its with bronchospasm; therefore, doses greater than the normal antiasthmatic dose of 

bronchodilator drugs may be required. 

been shown to increase the bioavailability of labetalol HCI. Since this could be 

enhanced absorption or by an alteration of hepatic metabolism of labetalol HCI, 

uld be used in establishing the dose required for blood pressure control in such patients. 

S been shown between halothane anesthesia and intravenously administered labetalol 

ied hypotensive anesthesia using labetalol HCI in association with halothane, high 

S or above) of halothane should not be used because the degree of hypotension will be 

Se of the possibility of a large reduction in cardiac output and an increase in central 

# anesthesiologist should be informed when a patient is receiving labetalol HCI. 

ants the reflex tachycardia produced by nitroglycerin without preventing its hypotensive 
used with nitroglycerin in patients with angina pectoris, additional antihyper- 
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packs of 100 tablets (NDC 0173-0348-47). 
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TRANDATE* Tablets (labetalol hydrochloride) 











labetalol in rats and rabbits at oral doses up to approximately six and four times the maximum recom- 
mended human dose (MRHD), respectively, No reproducible evidence of fetal malformations was ob: 
Increased fetal resorptions were seen in both species at doses approximating the MRHD. There 
adequate and well-controlled studies in pregnant women. Labetaiol should be used during pr 
only if the potential benefit justifies the potential risk to the fetus. — 

Nonteralogenic Effects: infants of mothers whe were treated with labetalol HCI during preg: 











not appear to be adversely affected by the drug. Oral administration of labetalol to rats during la! 
gestation through wearing at doses of two to four times the MRHD caused a decrease in neonatal survi 
L Delivery: Labetalo! HCI given to pregnant women with hypertension did not appear to affect 
the usual course of labor and delivery. HE ee ee 
Nursing Mothers: Small amounts of labetalol (approximately 0.004% of the maternal dose) are excreted © 
in human milk, Caution should be exercised when TRANDATE Tablets are administered to a nursing woman, — — 
Pediatric Use: Safety and effectiveness in children have not been established. EE EM 
ADVERSE REACTIONS: Most adverse effects are mild, transient, and occur early in the course of treatment. 
in controlled clinical triats of three to four months’ duration, discontinuation of TRANDATE® Tablets due to . d 
one or more adverse effects was required in 7% of all patients. In these same trials, beta-blocker conto! =” 
agents led to discontinuation in 8% to 10% of patients, and a centrally acting alpha-agonist in 30% of l 
patients. l 

The following adverse reactions were derived from multi-center, controlled clinical trials over treatment 
periods of three and four months. The rates, which ranged from less than 1% to 5% except as otherwise ^ 
noted, are based on adverse reactions considered probably drug-related by the investigator If alireports ^. 
are considered, the rates are somewhat higher (eg, dizziness, 20%; nausea, 14%; fatigue, 11%). = =” — 

Body às a Whole: Fatigue, asthenia, and headache. — vtr 

Gastrointestinal: Nausea (6%), vomiting, dyspepsia, diarrhea, and taste distortion. 

Central and Peripheral Nervous Systems: Dizziness (11%), paresthesia, and drowsiness, —— i 

— Nervous System: Nasal stuffiness, ejaculation failure, impotence, and increased -— 
sweating. 

Cardiovascular: Edema and postural hypotension. 

Respiratory: Dyspnea. 

Skin: Rash. 

Special Senses: Vision abnormality and vertigo. 

The adverse effects were reported spontaneously and are representative of the incidence of adverse | 
effects that may be observed in a properly selected hypertensive patient population, ie, a group excluding = 
patients with bronchospastic disease, overt congestive heart failure, or other contraindications to: beta- 
blocker therapy. ` — 

Clinical trials also included studies utilizing daily doses up to 2,400 mg in mare severely hypertensive - 
patients. The US therapeutic trials data base for adverse reactions that are clearly or possibly dose-related | 
shows that the following side effects increased with increasing dose: dizziness, fatigue, nausea, vomiting, 
dyspepsia, paresthesia, nasal stuffiness, ejaculation failure, impotence, and edema. 

. in addition, a number of other less common adverse events have been reported in clinical trials or the 
literature: 

Cardiovascular: Postural hypotension, including rarely, syncope. 

Central and Peri Nervous Systems: Paresthesias, most frequently described as scaip tingling. 
in most cases, it was mild, transient, and usually occurred at the beginning of treatment. ; 

Pene Disorders: Systemic lupus erythematosus. positive antinuclear factor (ANF), 

yes: Ury eyes. 

immunological System: Antimitochondrial antibodies. 

Liver and Biliary System: Cholestasis with or without jaundice. 

Musculoskeletal System: Muscle cramps, toxic myopathy. 

Respiratory System: Bronchospasm. m. 

Skin and Appendages: Rashes of various types, such as generalized maculopapular liche 
ial, bullous lichen planus, psoriaform, and facial erythema; Peyronie's disease; reversible atopes 

inary System: Difficulty in micturition, including acute urinary bladder retention. ^ 

Following approval for marketing in the United Kingdom, a monitored release survey involvin 
mately 5,800 patients was conducted for further safety and efficacy evaluation of this product. 
— pin indicate that the type, severity, and incidence of adverse effects were comparable to 
sited a hs 


Potential Adverse Effects: in addition, other adverse effects not listed above have been reported 
other beta-adrenergic blocking agents. er E 
Central Nervous System: Reversible mental depression progressing to catatonia, an acute reversible: 
syndrome characterized by disorientation for time and place, short-term memory loss, emotional lability, — 
slightly clouded sensorium, and decreased performance or neuropsychometrics. NEL = 
fie : Intensification of AV block (see CONTRAINDICATIONS). 
Allergic: Fever combined with aching and sore throat: laryngospasm; respiratory distress. 
Hematologic: Agranulocytosis; thrombocytopenic or nonthrombocytopenic purpura. — 
Gastrointestinal: Mesenteric artery thrombosis; ischemic colitis. thee & 
The oculomucocutaneous syndrome associated with the beta-blocker practolot has not been | 
with labetalol HCI. eT 
Clinical Laboratory Tests: There have been reversible increases of serum transaminases 
treated with labetalol HC! and tested, and more rarely, reversible increases in blood urea. - 
ME information concerning possible overdosage and its treatment appears it 
ing information. : 
DOSAGE AND ADMINISTRATION: DOSAGE MUST BE INDIVIDUALIZED. The recommended initial dosa 
100 mg twice daily whether used alone or added to a diuretic regimen. After two or three days, usin 
standing blood pressure as an indicator, dosage may be titrated in increments of 100 mg bid eve 
three days, The usual maintenance dosage of labetalol HCI is between 200 and 400 mg. 
Before use, see complete prescribing information for dosage details. EU 
HOW SUPPLIED: TRANDATE® Tablets, 100 mg, light orange, round, scored, film-coated ta 
on one side with “TRANDATE 100 GLAXO? bottles of 100 (NDC 0173-0346-43) and > 
500 (NDC 0173-0346-44) and unit dose packs of 100 tablets (NDC 0173-0346-47). o 
TRANDATE Tablets, 200 mg, white, round, scored, film-coated tablets engraved on one side with 
"TRANDATE 200 GLAXO" bottles of 100 (NDC 0173-0347-43) and 500 (NDC 0173-0347-44) and unit dose 
packs of 100 tablets (NDC 0173-034747}. ac UE 
TRANDATE Tablets, 300 mg, peach, round, scored, film-coated tablets engraved on one side with: 
"TRANDATE 300 GLAXO.” bottles of 100 (NDC 0173-0348-43) and 500 (NDC 0173-0348-44) an uni 



















































TE Tablets should be stored between 2° and 30°C (36° and 86°F). TRANDATE Tablets in the unit 
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-. induced by Intracoronary Acetylcholine —— | 


Kunihisa Miwa, Masahiro Goto, Jong Dae Lee, Fumio Matsuyama, Hiromasa 
Shimizu, Toru Kato, and Akira Hara | 


Acetylcholine (20 to 100 ug) was infused directly into coronary arteries 
during coronary arteriography in patients with variant angina (group A), 
in patients without coronary artery disease (group B] and in patients with 
significant organic coronary artery stenosis but without variant angina 
(group C). Coronary artery spasm (100%) and anginal attacks accompa- 
nied by electrocardiographic ischemic changes (907%) were provoked by 
acetylcholine in group A. In contrast, acetylcholine induced coronary 
vasoconstriction, chest pain and electrocardiographic ischemic changes 
significantly less frequently in both groups B and C. No significant differ- 
ence was found between group B and group C. No definite coronary 
artery dilation induced by acetylcholine was noted. The coronary arteries 
of the patients with variant angina seem to be more susceptible to intra- 
coronary acetylcholine than those of patients without variant angina irre- 
spective of the presence of significant atherosclerosis. 


“ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


Importance of Lead Selection in QT Interval Measurement 


J. Campbell Cowan, Khalid Yusoff, Malcolm Moore, Paul A. Amos, Ann E. 
Gold, John P. Bourke, Suda Tansuphaswadikul, and Ronaid W.F. Campbell 


The influence of lead selection on QT estimation in the 12-lead electro- 
cardiogram was assessed in control subjects and in patients after a myo- 
cardial infarction. Choice of lead was found to be the single most impor- 
tant variable in QT estimation. Implementation of a variety of current 
lead selection practices gave widely divergent estimates of QT interval. It 
is concluded that there is a need for standardization of lead selection 
practice for QT measurement. 


Strength-Interval Relation for Ventricular Functional Refractoriness 


L. Bing Liem, Donald M. Mason, Jr., and Charles D. Swerdlow 
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PROCARDIA* (nifedipine) means your mixed 
angina patients will have significant reduction in 
angina attacks and nitroglycerin consumption: 
And they can be more active—both working and 
at leisure. 


feeling better...doing more 
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heral edema: Mild to moderate peripheral edema, typically associated with arterial vasodilation and. 
fot due to left ventricular dystunction. occurs in about ane im lan patients treated with PROCARDIA: This ad ima. 












Laboratory tests: Rare, osually transient, bul occasionally significant elevations of enzymes s act 
hne phosphatase. CPK, LOH, SGOT and SGPT have been noted. The relationshig io PROCARDIA ther 
Certain in most cases, but probable in some. These laboratory abnormalities have rarely been associate 
ciinical symptoms, however, cholestasis with or without aundice has been reported. Rare instánces af a 
hepatitis have been reported. l Hu 

Limited clinica! studies have demonstrated a moderate bu! statistically significant decrease in platelet ag- 
gregabon and increase in bigeding time in some PROCARDIA (nitedipine? patients. Ne clinical significance tr 
hese SINUS has been demonstrated. Positive direct Coombs test with/without hemolytic anetta has been 
teparte 

Although PROCARDIA has been used sately in patients with renal dystunction and has been reported to exert 
à beneficial ellect in certain cases. rare, reversible elevations in BUN and Serum creatinine have been reported 
iti patients with pre-existing chronic renal insulliciency The relationship to PROCARDIA therapy is uncertain in 
mosi cases but probable in some. — l 

Drug interacilans: Beti-adrenetgic blocking agents (See INDICATIONS AND WARNINGS } Experience in 























MORIR —— oe ux l T NS aver 1400 patients in a non comparative clinical [ral has shawn that concomitant sdministration of PROCARDIA 
Ost patients, start with 10 mg Lid. and titrate over 7 to i4 days, and bela-biocking agents «s ustatly well tolerated. but there have been occasione! literature reports suggesting: 
the patient's blood pressure resporise attack freq uency thai fhe combination may increase the likelihood of congestive heart failure, severe hypotension ar exaterbalión 
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patients with coronary artery disease. in an uncontrolled study of over two hundred patients with congestive 
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HOW SUPPLIED: PROCARDIA soit gelatin capsules are supplied in N.T 
Boites of 100: 10 mg (NOC 0069-2800-66) orange 4260. 20 mg (NDC Q069-26 10-66) 6 
3261, Bailes of 300: 10 mg (NDC 0069-2600- 77! orange #268. 20 me (NBC 0069- 
l brown #201. Unil dose packages of 100: 10 mg (NDC 0068-2600-41 )orange # 
EE E — l l 4t) orange and tight brown 251 E 
et at EHicacy ol aifedipine therapy in patients with retractory angina The capsules should he protected from fight aad moisture and stored abeo 
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NOT HIS PERFORMANCE 


For a Brief Summary of Prescribing Information, please see the last page 
of this advertisement. 





START HIS DAY OUT RIGHT 


Copyright ©1987 by Merck & CO. “inc. 




































FOR MANY HYPERTENSIVE PATIENTS 
Start with Once-a-Day 


VASOTE 


(ENALAPRIL MALEATE | MSD) 





Certain CNS effects, such as impairment of 
memory, nightmares, or depression, have not 
been characteristic of VASOTEC. 


Little or No Interference with Physical 
or Mental Activity 


Certain subjective symptoms such as malaise 

and drowsiness, which may interfere with physical 

or mental activity, have not been characteristic of 
VASOTEC—a fact that may be related to the specificity 
of action of VASOTEC on the renin- angiotensin- 
aldosterone system. 


VASOTEC is contraindicated in patients who are hypersensitive 
to this product. 


Angioedema of the face, extremities, lips, tongue, glottis, and/or 
larynx has been reported in patients treated with angiotensin- 
converting-enzyme (ACE) inhibitors, including VASOTEC (0.2% of 
patients treated with VASOTEC in clinical trials). In such cases, VASOTEC 
should be promptly discontinued and the patient carefully observed 
until the swelling disappears. Angioedema associated with laryngeal 
edema may be fatal. Where there is involvement of the tongue, 
glottis, or larynx, likely to cause airway obstruction, appropriate 
therapy, e.g., subcutaneous epinephrine solution 1:1000 (0.3 mL 
to 0.5 ML), should be promptly administered. 


NM Excessive hypotension was rarely seen in uncomplicated 
m | hypertensive patients but is a possible consequence of 
enalapril use in severely salt/volume-depleted persons, 
such as those treated vigorously with diuretics or 
V) patients on dialysis. In using VASOTEC, consideration 
/ should be given to the fact that another ACE 
inhibitor, captopril, has caused agranulocytosis, 
^/ ' particularly in patients with renal impairment or 
^ .,; collagen vascular disease, and the available data 
^" areinsufficient to show that VASOTEC does not 
AA . have a similar risk. 


^. Fora Brief Summary of Prescribing 
^ ) Information, please see the last page 
of this advertisement. 


<> ItMay Change 
the Way Your Patients Feel 
on Antihypertensive Therapy 





VASOTEC 


(ENALAPRIL MALEATE | MSD) 





Contraindications: VASOTEC? (Enalapril Maleate. MSD) is contraindicated in patients who are 
hypersensitive lo this product. 


Warnings: Angioedema: Angioedema of the face, extremities, lips, tongue, glottis, and/or larynx 
has been reported in patients treated with ACE inhibitors, including VASOTEC. in such cases, 
VASOTEC should be promptly discontinued and the patient carefully observed until the swelling 
disappears. In instances where swelling has been confined to the face and lips, the condition has 
generally resolved without treatment, although antinistamines have been useful in relieving 
symptoms. Angioedema associated with laryngeal edema may be fatal. Where there is 
involvement of the tongue, glottis, or larynx, likely to cause airway obstruction, 
appropriate therapy, e.g., subcutaneous epinephrine solution 1:1000 (0.3 mL to 0.5 
mL), should be promptly administered. (See ADVERSE REACTIONS.) 


Hypotension: Excessive hypotension was rarely seen in uncomplicated hypertensive patients but 
I3 a possible consequence of enalapril use in severely salt/volume-depleted persons such as 
those treated — with diuretics or patients on dialysis. (See PRECAUTIONS, Drug interac- 
frons and ADVERSE REACTIONS.) In patients with severe congestive heart failure. with or without 
associated renal insufficiency, excessive hypotension has been observed and may be associated 
with oliguria and/or progressive azotemia, and rarely with acute renal failure and/or death. 
Because of the potential fall in blood pressure in these patients, therapy should be started under 
very close medical supervision. Such patients should be followed closely for the lirst two weeks of 
treatment and whenever the dose of enalapril and/or diuretic is increased. 


If hypotension occurs, the patient should be placed in supine position and, if necessary receive an 
intravenous infusion of normal saline. A transient hypotensive response is not a contraindication 
to further doses, which usually can be given without difficulty once the blood pressure has 
increased alter volume expansion. 


Neutropenia/Agranulocytosis: Another ACE inhibitor has been shown to cause agranulocytosis 
and bone marrow depression, rarely in uncomplicated patients but more frequently in patients 
with renal impairment, especially if they also have a collagen vascular disease. Available data from 
clinical trials of enalapril are insufficient to show that enalapril does not cause agranulocytosis al 
similar rates. Foreign marketing experience has revealed several cases of neutropenia or agranu- 
locytosis in which a causal relationship to enalapril cannot be excluded. Periodic monitoring of 
—— cell counts in patients with collagen vascular disease and renal disease should be 
considered. 


Precautions: General: Impaired Renal Function: As a consequence of inhibiting the renin- 
angiotensin-aldosterone system, changes in renal function may be anticipated in susceptible indi- 
viduals. in patients with severe congestive heart failure whose renal function may depend on the 
activity of the renin-angiotensin-aidosterone system, treatment with ACE inhibitors, including 
VASCTEC, may be associated with oliguria and/or progressive azotemia and rarely with acute 
renal failure and/or death. 


In Clinical studies in hypertensive patients with unilatera! or bilateral renal artery stenosis, 
increases in blood urea nitrogen and serum creatinine were observed in 20% of patients. These 
increases were almost always reversible upon discontinuation of enalapril and/or diuretic therapy. 
In such patients, renal function should be monitored during the first few weeks of therapy 


Some hypertensive patients with no apparent preexisting renal vascular disease have developed 
increases in blood urea and serum creatinine, usually minor and transient, especially when 
VASOTEC has been given concomitantly with a diuretic. This is more likely to occur in patients 
with preexisting renal impairment. Dosage reduction of VASOTEC and/or discontinuation of the 
diuretic may be required. 


Evaluation of the hypertensive patient should always include assessment of renal 
function. (See DOSAGE AND ADMINISTRATION in complete Prescribing information.) 


Hyperkalemia: Elevated serum potassium (greater than 5.7 mEq/L} was observed in approxi- 
mately 1% of hypertensive patients in clinical trials. In most cases these were isolated values 
which resolved despite continued therapy. Hyperkalemia was a cause of discontinuation of therapy 
in 0.28% of hypertensive patients. Risk factors for the development of hyperkalemia may include 
renal insufficiency, diabetes mellitus, and the concomitant use of agents to treat hypokalemia. (See 
Drug Interactions.) 

Surgery/Anesthesia: in patients undergoing major surgery or during anesthesia with agents that 
produce hypotension, enalapril may block angiotensin Il formation secondary to compensatory 
renin release. If hypotension occurs and is considered to be due to this mechanism, it can be 
corrected by volume expansion. 


information for Patients: 


Angioederna: Angicedema, including laryngeal edema, may occur especially following the first 
dose of enalapril. Patients should be so advised and told to report immediately any signs or 
symptoms suggesting angioedema (sweiling of face, extremities. eyes, lips, tongue, difficulty in 
breathing) and to take no more drug until they have consulted with the prescribing physician. 


Hypotensicn: Patients should be cautioned to report lightheadedness especially during the first 


few days of therapy If actual syncope occurs, the patients should be told fo discontinue the drug - 


until they have consulted with the prescribing physician. 


All patients should be cautioned that excessive perspiration and dehydration may lead to an 
excessive fail in blood pressure because of reduction in fluid volume. Other causes of volume 
depletion such as vomiting or diarrhea may also lead to a fall in blood pressure: patients should be 
advised to consult with the physician. 


Hyperkalemia: Patients should be told not to use salt substitutes containing potassium without 
consulting their physician. 


Neutropenia. Patients should be told to report promptly any indication of infection (e.g., sore 
throat, fever) which may be a sign of neutropenia. 


NOTE: As with many other drugs, certain advice to patients being treated with enalapril is war- 
ranted. This information is intended to aid in the safe and effective use of this medication. It is nof 
a disclosure of all possible adverse or intended effects. 


Drug Interactions: 


Hypotension: Patients on Diuretic Therapy: Patients on diuretics and especially those in whom 
diuretic therapy was recently instituted may occasionally experience an excessive reduction of 
blood pressure after initiation of therapy with enalapril. The possibility of hypotensive effects with 
enalapril can be minimized by either discontinuing the diuretic or increasing the salt intake prior to 
initiation of treatment with enalapril. ff it is necessary to continue the diuretic, provide medical 
supervision for at least one hour after the initial dose. (See WARNINGS and DOSAGE AND 
ADMINISTRATION in complete Prescribing Information.) 


Agents Causing Renin Release: The antihypertensive effect of VASOTEC is augmented by antihy- 
pertensive agents that cause renin release (e.g. diuretics). 





Other Cardiovascular Agents: VASOTEC” (Enalapril Maleate, MSD) has been used concomitantly 
with beta-adrenergic-blocking agents, methyldopa, nitrates, caicium-blocking agents, hydrala- 
Zine, and prazosin without evidence of clinically significant adverse interactions. 


Agents Increasing Serum Potassium: VASOTEC may attenuate potassium loss caused by thia- 
zide-type diuretics. Potassium-sparing diuretics (e.g., spironolactone, triamterene, or amiloride), 
potassium supplements, or potassium-conta:ning salt substitutes may lead to significant 
increases in serum potassium. Theretore, if concomitant use of these agents is indicated, they 
should be used with caution and with frequent monitoring of serum potassium. 


There are no adequate and well-controlled studies in pregnant women. VASOTEC should be used 
during pregnancy only if the potential benefit justifies the potential risk to the fetus. 


Nursing Mothers: 1t is not known whether this drug is secreted in human milk. Because many 
drugs are secreted in human milk, caution should be exercised when VASOTEC is given to a 
nursing mother. 


Pediatric Use: Satety and effectiveness in children have not been established. 


Adverse Reactions: VASOTEC has been evaluated for safety in more than 10,000 patients, 
including over 1000 patients treated for one year or more. VASOTEC has been found to be gener- 
ally well tolerated in controlled clinical trials involving 2677 patients 


The most frequent clinical adverse experiences in controlled trials were: headache (4.6%). dizzi- 
ness (4.675), and fatique (2 896). For the most part, adverse experiences were mild and transient 
in nature. Discontinuation of therapy was required in 5.0% of patients. In clinical trials, the overall 
frequency of adverse experiences was not related to total daily dosage within the range of 10 to 
40 mg. The overall percentage of patients treated with VASOTEC reporting adverse experiences 
was comparable to placebo. 


Other adverse experiences occurring in greater thar 1% of patients treated with VASOTEC in 
controlled clinical trials were. diarrhea (1.6%), rash (1.596), hypotension (1.4%), cough (1.395), 
nausea (1.3961, and orthostatic effects (1.396). 
Clinica! adverse experiences occurring in 0.596 to 1.095 of patients in the controlled trials or since 
the drug was marketed include: 

Cardiovascular: Syncope, orthostatic hypotension, palpitations, chest pain. 

Nervous System: insomnia, nervousness, paresthesia, somnolence. 

Gastrointestinal System: Abdominal pain, vorniting, dyspepsia. 


Renal: Renal dysfunction, renal failure, oliguria. (See PRECAUTIONS and DOSAGE AND ADMIN- 


ISTRATION in complete Prescribing Information.) 
Other: Dyspnea, muscle cramps, hyperhidrosis, impotence, pruritus, asthenia. 


Angioedema: Angioedema has been reported in patients receiving VASOTEC (0.295). Angio- 
edema associated with laryngeal edema may be fatal. ff angioedema of the face. extremities, fips, 
tongue. glottis, and/or larynx occurs, treatment with VASOTEC should be discontinued and 
appropriate therapy instituted immediately (See WARNINGS.) 


Hypotension: Combining the results of clinical trials in patients with hypertension or congestive 
heart failure, hypotension (including postural hypotension and other orthostatic effects) was 
reported in 2.3% of patients following the initial dose of enalapril or during extended therapy. in 
the hypertensive patients, hypotension occurred in 0.9% and syncope occurred in 0.5% of 
patients. Hypotension of syncope was a cause for discontinuation of therapy in 0.1% of hyperten- 
sive patients. (See WARNINGS.) 


Clinical Laboratory lest Findings: 
Hyperkalemia: (See PRECAUTIONS ) 


Creatinine, Blood Urea Nitrogen: in controlled clinical trials, minor increases in blood urea nitro- 
gen and serum creatinine, reversible upon discontinuation of therapy were observed in about 
0.2% of patients with essential hypertension treated with VASOTEC alone. Increases are mote 
likely to occur in patients receiving concomitant diuretics o: in patients with renal artery stenosis. 
(See PRECAUTIONS ) 


Hemoglobin and Hematocrit: Small decreases in hemoglob:n and hematocrit (mean decreases ot 
approximately 0.3 g% and 1.0 vol?o, respectively) occur frequently in hypertensive patients 
treated with VASOTEC but are rarely of clinical importance unless another cause of anemia coex- 
ists. In clinica! trials, less than 0.1% of patients discontinued therapy due to anemia. 


Other (Causal Relationship Unknown). Rarely, elevations of ‘iver enzymes and/or serum bilirubin 
have occurred. 


in marketing experience, rare cases of neutropenia, thrombocytopenia, and bone marrow depres- 
sion have been reported. 


Dosage and Administration: In patients who are currently being treated with a diuretic, symp- 
tomatic hypotension occasionally may occur following the initial dose of VASOTEC. The diuretic 
should, if possible, be discontinued for two to three days before beginning therapy with VASOTEC 
to reduce the likelihood of hypotension. (See WARNINGS.) If the patient's blood pressure is not 
controlled with VASOTEC alone, diuretic therapy may be resumed. 


If the diuretic cannot be discontinued, an initial dose of 2.5 mg (break the 5-mg tablet) should be 
used under medical supervision for at least one hour to determine whether excess hypotension 
will occut (See WARNINGS and PRECAUTIONS. Drug Interactions.) 


The recommended initial dose in patients not on diuretics is 5 mg once a day Dosage should be 
adjusted according to blood pressure response. The usual dosage range is 10 to 40 mg per day 
administered in a single dose or in two divided doses. In some patients treated once daily the 
antihypertensive effect may diminish icward the end of the dosing interval. In such patients, an 
increase in dosage or twice-daily administration should be considered. If blood pressure is not 
controlled with VASOTEC alone, a diurelic may be added. 


Concomitant administration of VASOTEC with potassium supplements, potassium salt substi- 
tutes, or potassium-sparing diuretics may lead to increases of serum potassium (see PRECAU- 
TIONS). 


Dosage Adjustment in Renal impairment: The usual dose of enalapril is recommended for patients 
with a creatinine clearance >30 mL/min (serum creatinine of up to approximately 3 mg/dL). For 
patients with creatinine clearance s 30 m/min (serum creatinine =3 mg/dL), the first dose is 2.5 
mg once daily The dosage may be titrated upward until blood pressure is controlled or to a 
maximum of 40 mg daily For dialysis patients, the initial dose and the dose on 
dialysis days is 2.5 mg/day Dosage on nondialysis days should be adjusted M c D 
depending on blood pressure response. 





For more delailed information, consult your MSD representative or see Pre- ERCK 
scribing Information. Merck Sharp & Dohme, Division of Merck & Co.. Inc. HARP: 
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Epicardial pacing electrode longevity was evaluated in 81 child. 


dergoing 126 electrode implants from January 1970 to Decem 


ber 1985. - 
Follow-up ranged from 1 to 192 months postimplant (median 63). Thirty- ` 
eight electrodes failed during the study period from 1 to 157 months __ 
-postimplant (median 37). Causes of failure were exit block (n = 15), elec- 
trode fracture (n = 8), insulation fracture (n 6), sensing failure (n = 2] 
and unspecified high threshold (n = 7). Actuarial analysis showed a 6- 
month survival rate of 88 + 3% (standard error of the estimate] with no 
significant decrease until 53 months (75 + 5%}. There was then a steady 
decrease to 101 months (49 + 7%). No further decrease was noted to 157 
months. The survival rate decrease was greater within the first 6 months | 
postimplant than during any subsequent 6-month period. Electrodes sur- 
viving to 6 months are highly likely to survive to 53 months. Of those 
surviving to 53 months, 74% should survive to 120 months. 





































107 The Activitrax Rate Responsive Pacemaker System 


Karel den Dulk, Leon Bouwels, Fred Lindemans, lan Rankin, Pedro Brugada, 
and Hein J.J. Wellens 





Bipolar Medtronic Activitrax rate responsive pacemakers were implant- 
ed in 31 patients. Mean follow-up was 16 months. Twenty pacemakers 
were implanted after His bundle ablation, 7 for sick sinus syndrome, 1 for 
AV block and 3 for sick sinus syndrome with AV block. A rate response 
value was selected that gave a pacing rate of about 100 pulses/min during 
walking. In 9 patients the pacing rate could be compared with the under- 
lying sinus rate during exercise and was seen to match it very closely. 
Activitrax patients and healthy volunteers were found to have similar 
heart rates during car driving. No pacing-induced arrhythmias were seen 
during ambulatory electrocardiographic monitoring. It is concluded that 
this device is safe, easy to program and increases heart rate appropriately 
during exercise and that the bipolar version can be used safely for atrial 
pacing. 





113 Experiences with Atrial Pacing 





Stephen B. Bernstein, Bruce E. Van Natta, and Myrvin H. Ellestad 


The records of 187 patients with permanent atrial pacemakers implanted 
between 1970 and 1980 were studied retrospectively. Most (96%) were 
implanted in patients with sick sinus syndrome and intact atrioventricular 
(AV]conduction. Intact AV conduction was defined as absence of second- 
or third-degree heart block with incremental atrial pacing to a heart rate 
of 120 beats/min before implantation. During average follow-up of 30 
months, 4 patients (2.1%) developed significant conduction disease re- 
quiring reoperation. Complications occurred early after implantation and 
included 4 lead fractures (all coronary sinus leads), 10 dislodgments (9 
coronary sinus, 1 tined atrial "]") and 6 threshold rises requiring reposi- 
tioning of the lead. Atrial pacing is safe and effective in the treatment of 
patients with sick sinus syndrome and intact AV conduction. Progression 
_to clinically significant AV block is uncommon. Atrial pacing should be 
_ given serious consideration in the treatment of patients with this disorder. 














| | The first calcium antagonist for | | Exceptionally well tolerated with 


hypertension and the first with a few metabolic or compliance- 
once-daily dose limiting side effects 

| | Fully effective monotherapy for LJ Helps preserve target organ 
most hypertensives, including function by maintaining blood 
those over 45 (unlike beta blockers flow to kidneys and heart 
and ACE inhibitors) 






Please see adjoining page for a brief summary of complete 
prescribing information. 


ONCE-A-DAY 
® 
Contraindications: severe left ventricular dysfunction, 
hypotension or cardiogenic shock, sick sinus syndrome, 
and second- or third-degree AV block. ver 


verapamil HCl so 


SEARLE 


© 1987, Searle & Co. 
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er ient — once-a-day dosing - 
nen: Start with one 240 — mg caplet in 
he morning with food. (Starting dosages of 

20 g/day, va — may be suitable for 


dications: Severe left ventricular dysfunction {see Warnings), hypotension (systolic 
90 mm Hg} or cardiogenic shock, sick sinus syndrome (if no pacemaker is present), 
td-degree AV block (if no pacemaker is present). 

z Verapamil. should be avoided in patients with severe left vertricular dysfunction (eg, 
raction<30%} or moderate to severe symptoms of cardiac failure and in patients with 
ant ventricular dysfunction if they are receiving a beta-adrenergic blocker. Control milder 
vith optimum digitalization and/or diuretics before Calan SR is used. Verapamil may 
iliy produce a decrease in blood pressure below normal levels, which may result in dizzi- 
ptomatic hypotension. Elevations of liver enzymes have been reported, Several cases 
lular injury have been demonstrated to be produced by verapamil, Periodic monitoring 
nin peu. on — is prudent. re patients with paroxysmal and/ or chronic 
brillati 





r response or ae fibrillation after receiving I. V. verapamil 
‘he-effect of verapamil on AV conduction and the SA node may cause asymptomatic 
b ckand transient bradycardia, sometimes with nodal escape rhythms. PR-interval 
correlated with verapamil plasma concentrations especially during initial titration. 
grees of AV block are infrequent (0. 8%} Development of marked 1st-degree block or 
2nd- or 3rd-degree block requires reduction in dosage or, rarely, discontinuation 

ion of appropriate therapy. Sinus bradycardia, 2nd-degree AV block, sinus arrest, pul- 
dema and/or severe hypotension were seen in some critically ill patients with hyper- 

iomyopathy who were treated with verapamil. 

1: Verapamil should be given cautiously to patients with impaired hepatic co (in 
function use about 30% of the normal dose} or impaired renal function, and patients 
» Monitored for abnormal prolongation of the PR interval or other signs of overdosage. 
thay decrease neuromuscular transmission in patients with Duchenne's muscular dys- 
y prolong recovery from the neuromuscular blocking agent vecuronium. It may be 
fra verapamil dosage in patients with attenuated neuromuscular transmission. 
| a small number of patients suggest that concomitant use of Calan and oral beta-adre- 
blockers may be beneficial in certain patients with chronic stable angina or hypertension. 
therapy can also have adverse effects on cardiac function; therefore patients should be 

red. A decrease in metoprolol clearance may occur with concurrent use of verapamil 
oprolol. Chronic verapamil treatment increases serum digoxin levels by 50% to 75% during 

e of therapy, which can result in digitalis toxicity. The digoxin dose should be reduced 
ami is given, and the patient reassessed. Verapamil used concomitantly with oral 
ypertensive agents will usually have an additive effect on lowering blood pressure that in 
à ay be excessive; therefore patients should be monitored appropriately. Disopyr- 
uid not be given within 48 hours before or 24 hours after verapamil administration. Until 
tà are obtained, combined verapamil and quinidine therapy in patients with hypertrophic 
hy should probably be avoided, since significant hypotension may result. Quinidine 
tease during verapamil therapy. Clearance of verapamil may be reduced in concomi- 
with cimetidine. Concomitant use of verapamil and lithium may result in decreased serum 

is. Verapamil therapy may increase carbamazepine concentrations during combined 

apy with rifampin may markedly reduce oral verapamil bioavailability. Concomitant use of 
ion anesthetics and calcium antagonists needs careful titration to avoid excessive cardiovas- 
depression. Verapamil may potentiate the activity of neuromuscular blocking agents (curare- 

| depolarizing): dosage reduction may be required. One study in rats did not suggest a 
igenic potential, and verapamil was not mutagenic in the Ames test. Another study in rats 
idence of carcinogenicity. Pregnancy Category C. There are no adequate and well- 
tudies in pregnant women, This drug should be used during pregnancy, labor, and 
ly if clearly needed. Verapamil is excreted in breast milk; therefore, nursing should be 
during verapamil use. Safety and efficacy in children under 18 have not been established. 
Reactions— oral verapamil: Constipation (8.4%), dizziness (3.5%), nausea (2.7), 
^ (2.596), edema (2.1%), headache (1.996), CHF/pulmonary edema (1.8%), fatigue (1.796, 
<50/min (1,4%), AV block: total 1*,2*, 3° (1.336)/3rd-degree (0.8%), flushing 
stions of liver enzymes have been reported (see Warnings). The following reactions, 
OX or less of patients, occurred under circumstances where a causal relationship is 
angina pectoris, chest pain, claudication, myocardial infarction, palpitations, purpura 
ope, diarrhea, dry mouth, gastrointestinal distress, gingival hyperplasia, ecchy- 
ing cerebrovascular accident, confusion, equilibrium disorders, insomnia, muscle 
thesia, psychotic symptoms,  shakiness, somnolence, dyspnea, arthralgia, rash, 

0 hyperkeratosis, macules, sweating, urticaria, blurred vision, gynecomastia, 
ation, — menstruation: 
































1/12/87 « 7W102V 





expanding HMO, has career opportunities available for 


> Fountain Valley, CA 92708. 

















THERN CALIFORNIA—FHP, a suc cesstul and 






BC/BE, residency-trained Cardiologists. - FHP meets 
your personal and professional needs with excellent 
benefits and the opportunity to practice with other top- 
caliber professionals. Call (800) 446-2255 or (800) 
336-2255 within California, or send C.V. to: FHP — 
Professional Staffing, Dept. 20, 9900 Talbert Ave., d 










































INTERNIST/CARDIOLOGIST—55-physician multispecialty 
medical group seeks full-time Board Certified or Eligible Inter- . | 
nist/Cardiologist. Attractive compensation and benefits. Start- | 
ing date negotiable. Send CV to Don Robertson, Administrator, | 
The Moore-White Medical Group, 266 S. Harvard Bivd., Los =o 
Angeles, CA 90004. t 


CAREER CHANGE OPPORTUNITIES in the Pharmaceu- | _ 
tical Industry. We have assignments for experienced | - 
board certified/eligible physicians. Send your CV to 
Bruce Rogers Co., Management Consultants, 20 Main 
Street, Port Washington, NY 11050 (516) 883-1058. 





CARDIOLOGIST —36 physician multi-specialty group dno 
lege community of Beloit, Wisconsin seeks additional. Bi /BE 
cardiologist for invasive and non-invasive practice. Guaran: 
teed salary with incentive plus excellent fringe benefits. Please 
submit letter with C.V. to: James F. Ruethling, Administrat 
Beloit Clinic, S.C., 1905 Huebbe Parkway. Beloit, WI 53511 x 















CARDIOLOGISTS 


Invasive and Non-Invasive 


This 180 physician, multispecialty group currently has asso 
ciateships available in the above specialties. The group 
pital-based in Northeastern Pennsylvania at the New. 
State border. Our state of the art facility offers medical 
teaching affiliations as well as clinical research opportuni es 
Residency programs are conducted in Internal Medicin 
General Surgery. A program in Radiology is being deve lopec 
Physicians seeking challenging and rewarding practice oppor 
tunities, excellent salaries and benefits, combined with rural - 
living and endiess recreational opportunities are encouraged . 
to submit a letter and Curriculum Vitae to: 


GUTHRIE Clinic Ltd 
— PA. 38840 — E 



























POSICAM: The most 
powerful imaging 
in Cardiology! 















































BEBEEREEEBEEREEEE sau + amm The PosicAM* SYSTEM, 
| T ma T TOO lE (rom Positron Corporation 
PEt Ht Et M means accurate, non-invasive 
diagnosis of coronary artery 
disease by routine clinical 
positron emission tomog- 
raphy. Posicam™ provides 
high-speed, high resolution 
imaging using uniform 
3-dimensional volumetric sam- 
pling, without data gaps be- 
tween image planes. Twenty- 
one simultaneous overlapping 
slices of the whole heart 
in short axis, long axis, or 
angled views create the first 
and only true 3-dimensional 
pictures of cardiac perfusion, 
metabolism, and function. 
User-friendly software, 
validated in over 700 clinical 
studies, gives unsurpassed 
throughput and data analysis. 
PosicaM™ is the only camera 
design tested in large clinical 
trials with generator-produced 
Rubidium-82 for cardiac 
imaging without a cyclotron. 
This revolutionary imaging 
system is now affordable for 
hospitals and clinics 
to provide the most 
advanced cardiac 
care for their patients. 
Innovation and 
reliability for serious 
medical decisions 
that affect lives. 
Positron has made 
the commitment. 


POSITRON 


CO BH^F O:M At 


8080 El Rio Houston, Texas 77054 
FAX: 713/796-1506 TEL: 713/741-4000 
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Age and Antihypertensiv 
methia and 


Edward D. Freis for the Veterans Administration Cooperative Study Group. 
on Antihypertensive Agents | E | 


The influence of age on the blood pressure response to different antihy- 
pertensive agents was assessed in double-blind controlled studies. Pa- 
tients aged 55 to 65 exhibited a significantly greater antihypertensive 
response to hydrochlorothiazide than did patients younger than this age. 
No age-related differences in blood pressure response, however, OC- 
curred with the other agents tested, including propranolol, nadolol and 


captopril. 


VALVULAR HEART DISEASE 


Comparison of Outcome of Asymptomatic | to Symptomatic Patients 
Older Than 20 Years of Age with Valvular Aortic Stenosis 


Thomas A. Kelly, Robert M. Rothbart, C. Morgan Cooper, Donald L. Kaiser. 
Mark L. Smucker, and Robert S. Gibson 


Ninety adult patients (51 asymptomatic and 39 symptomatic] with Dopp- 
ler-derived aortic valve gradients 250 mm Hg (range 50 to 134) were 
followed prospectively for 1 to 45 months. Both groups had similar Dopp- 
ler gradients and clinical and auscultatory evidence of moderate to severe 
aortic stenosis (AS) at baseline. Compared with symptomatic patients, 
asymptomatic patients had a lower cumulative life table incidence of 
death from any cause (p = 0.002), and from cardiac causes (p = 0.0001) 
including sudden death (p = 0.013). Only 2 of the initially asymptomatic 
patients (3.9%) died of cardiac cause during follow-up; in both, angina 
pectoris or congestive heart failure preceded death by several weeks. We 

conclude that asymptomatic patients with mod. rate to severe AS have a 

good prognosis during their “latent” period and are at low risk for cardiac. - 
or sudden death. Our data indicate that asymptomatic patients with AS — 
can be followed medically as long as they remain free of symptoms. | 


Reassessment of Echocardiographic Criteria for Diagnosis of Mitral 
Valve Prolapse i PRU 


Janine Krivokapich, John S. Child, Berge J. Dadourian, and Joseph K. 
Perloff 


In 148 patients referred for evaluation of mitral valve prolapse (MVP), a 
prospective study was undertaken to establish the echocardiographic pat- 
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Twice-a-day dosing* to make life easier for your arrhythmia patients. Thats the 
Quinidex® advantage. Because, like the heart, Quinidex Extentabs® have been 
uniquely constructed for dependable around-the-clock performance. 





*Some patients may require t.i.d. dosing. 


QUINIDEX 
EXTENTABS 


(Quinidine Sulfate, USP) 300mg 


A-H-OBINS 


Pharmaceutical Division, Richmond, Virginia 23261-6609 
©A.H. Robins Company 1987 





Please see adjacent page for brief summary. 
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y di . Abit rant impuisés and abnormal 
: SSMS, idiasynetasy or hypersensitivity to quinidine or 
nghona derivatives. Myasthenia grais, 

"ef te sinus rhythm may he preceded 


falia, resulting im an 
reduced oy digitatization 


" of hoya may: increase, 


dh m — — catiosiscular 
E" clinically impartant depression af cardiac function: 
— * "lid, earttiock. Quinine therapy should be 


ufa be eked wi cautio pire vi nat AY ck 
be prodi and here Sho ui an 









. t: Apply fus product Hypersensitivity 
^ rm; shodid be considered: panin dur 
i. for elose clinical obsen 










works of therapy. Hospitalization 
— and — gt 






— with al solid. — medications, Quinidex 
HS with an adequate amount at fluid, preferably with the patient in 
| án — poso o eilai swallowing. They should be swaltawed whole in order to 

preserve the contalled-release mechanism: 

. Laboratory Tests.— Periodic blood counts and liver and kidney function tests should 
he perormed during long-term therapy, the drug should be discontinued H blood 
. dystrasias or idence of hepatic ar renal dysfunction BOCES. 

Drug interactions 


F Guinigine wilh antichatinergic drugs — Addilive wet effect 
- | Qainitine with Cholinergic drugs Anaganiom of cholinergic effects 






.— Quiniding wilh carbonic anhy- Alkalidzation of urine 
^. Grase inhibitors, sodium resili irt decraasad 
bicarbaeale, Harige diuretics exteetion af guinidine 
Quiniding with coumarin Reduction of clotting 
. aiticnaguiants kiiy concentrations 
Quinine with tabocurare. Potentiation of ouro- 
Succinylchnline and muscular blockade 
üicamethonium l 
. Üvinidibe.with phenolhiszines Addilive canlar 
and reserpine depressive affeete 
Quihidine with hepatic enzyme. Dectéased para 
inducing drugs (phetiobarbital haif-tife of quinidine 
tilampin 
bg Quinidine with digin increased seum concentration of 
Mus digoxin (See Warnings} 
io... Qubsidine with amindgrane increased serm concentration af quinidine 
Quinidine with cimatidine Prolonged quinidine halt-life and an 
PIN increase in serum quinidine level 
— Dine with ranitidine Premature — contractions 
^ Quinidine with verapamit increased — half-life and an incmase in 
Seren quinidine level: potential 
hypotensive reactions 
Quinidine with nifedipine Denreased serum concentrations of quinidine 


Carcinogenesis: Studies in animals have nol heen pertormed to evaluate the carcing- 
genic patential of quinidine 
.. Pregnancy feratogenic Effects: Pregnancy Category C. Animal reproduction 
-. Siudies have not been conducted with quinidine. There are no adequate and well- 
"^ Sünitoled sudies in pregnant women. Quinidex Deentabs should be administered t2 
tos pregnant woran only H clear y indicated 
Nonteratogenic Effects: Like quinine, quinidine has baeo reported to have axytocic 
rhe The significance of this property in the ciinicat Setting has nof been 
ished. 


' Labor and Delivery — There is no known use m Düinidex Extentabs in labor and 
delivery However, quinidine has been réportéd fe have cxytocic properties, The 
significance of this property in the clinical settiog has not been established. 

p Nursing Mathars..— Hecause of passage of ihe drag into breast mik, caution shout 
"be exercised when Quinidex Extentabs are administered tà a nursing woman. 
c. Pedütri Use— There are no adequate ard well-controlled studies establishing the 
oo oSalety and effectiveness of Quinidex Extentabs ie children 
cc, Adverse Reactions, Symptoms of cinchonisn such as tinging in ihe ears, loss al 
"Rearing, dizriness, lightheadedness, headache, nauxes, and/or disturbed vision may 
o appes insensitive patients alter a single dose of the drug. The most frequently 
- Sfcountered side efonts to quinidine are gastrintestinal. 
De ne ret er — — e Bar rhea, — 
c^ ganulomatous hepatitis may — ——— esophagitis 
.c Eürdiovascular.— Ventricular SOCut ring al a tale of one or mare every 6 
io frmal beats; widening ofthe ORS com complex and: protenged QT interval: complete A-V 
— — ied tachycardia and fibrillation; veniou fater, torsade de pointes; 
arterial smion. Fools aeae 
`; genai Nervous System Doa Headache, vertigo. apprehension, excitement, 
contusion, delirium, dementia, ataxia; depression. 
- Ophthalmolagic and Ütologic—— Distuted hearing (tinnitus, decreased auditory 
cuity), disturbed vision (mydriasis, blurred vision; distorbed color perception. 
Giptopia, night blindness, scolomala), optic newilis, reduced visual field. 
9 - Dermatologic — Culanenus fiushing with intense pruritus, photosensitivity, urticaria. 
fash, eczema, extalietive — psoriasis, abhormatibes of pigmentation. 
.  Hygarsensitieity.—.A x, apte asi spisode, vascular collapse, respira- 
QUAM bes. i Warcings) purpura —— 
agar . 
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SPEC IAL DISCOUNT OFFER 


PLACE A STANDING ORDER TO REC EIVE : EACH 
OF CARDIOLOGY ON 30 DAY APPROVAL; AND E 
A 10% DISCOUNT ON THIS EDITION: AND E ALL 
FUTURE EDITIONS, 


(Lo YES, please enter my standing order for. Cada. L ndersia 
“that each edition (published once a year) will be automatically 7 
shipped to me on 30 day approval and I will receive a 10% discount E 
. on this edition and on all future editions, (1987 edition: discount 
: price $49. $01600053) A 
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Choose 


LORELC 


as an adjunct to diet 


| PROBUCOL 


250 mg tablets 








Effectively T Efficacy 
Lc wers Serum Lorelco works! You can prescribe 


it with confidence. Lorelco can virtually 

Cl i t Í double the cholesterol-lowering efficacy of diet 
O es ero alone.! Total cholesterol-lowering efficacy 
beyond diet ranges from 10.796 to 2796 in 


w th a Unique reported studies. '4 


Combination A _ 
. "Mi Indications 
of Benefits Lorelco is specifically indicated 


for the reduction of elevated 


serum cholesterol in patients with 
primary hypercholesterolemia who have not 
responded adequately to diet. 





A 





Consider the Whole Picture. 


Merrell Dow 





#1 selling lipid-lowering agent in the world 





n 3 Compliance G side Effects 


The reasons for excellent compli- ^ Lorelco side effects are generally 
ance with Lorelco become clear tolerable and of short duration. 


with the taste and texture test. Most frequent patient complaint is loose stools, 
which occur in about one in 10 patients and 
This generally subside during therapy (see 
Prescribing Information for full discussion of 
side effects). 


Lorelco is not an innocuous drug and 
strict attention should be paid to the 
Indications, Warnings, and Precautions. 





Questran daily dose (one 9-gram Water (2 to 6 ounces with each 
packet one to six times daily packet) Co St 


or This 





The cost of Lorelco is significantly 
lower than that of the resins, 


lovastatin, and niacin tablets USV. 


Cost can be a significant factor when therapy 
may have to be continued long-term, perhaps 
for years. 
r Lorelco daily dose (2 tablets twice 
daily with meals) 

Tablet counts in a 7 year study of Lorelco 

indicated that patients took over 90% of 

their scheduled dosage." 


10 years of outstanding Lorelco performance? 
Now prescribed in 27 countries 
m — — — — — — — — — — — 


The effect of probucol-induced reduction of serum cholesterol or 
triglyceride levels or alteration of HDL-cholesterol levels on morbidity or 
mortality has not yet been established. Several years may be required 
before ongoing long-term investigations will resolve this question. 


Prescribing Information appears on the last page. 
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1. LeLorier J, et al: Diet and probucol in lowering cholesterol concentrations: additive effects on 
lasma cholestero! concentrations in patients with familial type |} hyperlipoproteinemia. Arch Intern 
ed 1977; 137:1429-1434. 


2. Mellies MJ, et al: Effects of probucol on plasma cholesterol, high and low density lipoprotein 
cholesterol, and apolipoproteins Al and A2 in adults with primary familial hypercholesterolemia. 
Metabolism 1980; 29:956-964. 


3. Polachek AA, et al: Probucol in the long-term treatment of hyperchclesteroiemia. Curr Med Res 
Opin 1973; 1:323-330. 
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Lorelco" Tablets 
(probucol tablets) 


CAUTION: Federal law prohibits dispensing without prescription. 


DESCRIPTION: Loreico (probucol) film-coated tablets tor oral administration contain 250 mg of probucol per tablet. Each 

tablet aiso contains as inactive ingredients: corn starch. ethylcellulose, glycenn, hydroxypropyl cellulase. hydroxypropy 

methylcellulose 2310, iron oxide, lactose, magnesium stearate, microcrystalline cellulose, polysurbate 80, taic, and btanium 

dioxide. Lorelco is an agent tor the reduction of elevated serum cholesterol. The chermcal name is 4.4" -(isopropylidenedithio) 

s — its chemical structure does not resemble that of any other available cholesterol-lowering agent itis 
pophilic. 


CH3 
i 
"Oo ney, Or 
CH3 


CLINICAL PHARMACOLOGY: Lorelco (probucol) iowers serum cholestero: and has relatively httle effect on serum 
triglycerides. Patients responding to probucol exhibit a decrease in low density lipoprotein cholesterol. Cholesterol is reduced 
not only in the low density lipoprotein fraction. but also in some high density lipoprotein fractions with proportionately greater 
effect on the high density portion in some patients. Emdemuological studies have shown that both low HDL cholesterol and high 
LDL-cholesterol are independent risk factors for coronary heart disease. The risk of lowering HDL-cholestero! while lowering 
LDL-cholesterol remains unknown. There is little or no effect reported on very low density lipoprotein. 


Studies on the mode of action of Loreico indicate that it increases the fractional rate of catabolism of iow density 'ipoproteins. 
This effect may be linked to the observed increased excretion of teca! hile acids, a final metabolic pathway for the elimination of 
Cholesterol from the body. Loreico atso exhibits inhibition of early stages of chovestero! synthesis and sight inhibition of 
absorption of d:etary chotesteroi. There is no increase in the cyclic precursors of cholesterol. namely desmosteroi and 7- 
dehydrocholestero!. On this basis. it is concluded that Loreico does not affect the iater stages of cholesterol biosynthesis. 


Absorption of Lorelco from the gastrointestinal tract is limited and vanae. When it is administered with food. peak blood levels 
are higher and iess vanable. With continuous administration in a dosage of 500 mg t.i d . the blood levels of an individual 
radually increase over the first three to four months and thereafter remain tarty constant. in 116 patients treated with Lorelco 
r periods of three months to one year, the mean blood level was 23.6 + 17 2 mcgiml ( > S.D jrangingte 78 3mcgimi. Levels 
— after seven years of treatment in 40 patients vielded an average value of 21 5 > 16 5 mcg/ml (« S D }ranging to 52.0 
mog/mi. 


At the end of 12 months of treatment in eight patients. blood levels averaged 19 0 megini Six weeks after cessation of therapy. 
the average had fallen by 60 percent. After six months the average had fallen by 80 percent 


in December 1684 a National Institutes of Health Consensus Development Conference Panel! concluded that lowering definitely 
elevated blood cholesterol levels (specifically blood levels of low-density üpoprotein cholesterol} will reduce the risk of heart 
attacks due to coronary heart disease. The effect of probucol-induced reduction ot serum cholesterol or triglyceride levels or 
alteration of HDL-cholesterol levels on morbidity or mortality due to Coronary heart disease has not yet been established Several 
years may be required before ongoing long-term investigations will resolve this question 


INDICATIONS AND USAGE: Senous animai toxicity has been encountered with probucol. See WARNINGS and ANIMAL 
PHARMACOLOGY AND TOXICOLOGY sections Probucol is nof an innocuous drug and strict attention should be paid to the 
INDICATIONS and WARNINGS. 


Drug therapy should not be used for the routine treatment of elevated blood bpids for the prevention of coronary heart disease 
Dietary thetapy — for the type of hyperlipidemia is the initial treatment of choice. Excess body weight may be an important 
factor and should be addressed prior to any drug therapy. Physical exercise can be an important ancillary measure Contributory 
disease such as hypothyroidism or diabetes mellitus should be tooked for and adequately treated. The use of drugs should be 
considered oniy when reasonable attempts have been made to obtain satisfactory results with non-drug methods. if the decision 
ultimately is to use drugs. the patient should be instructed that this does not reduce the importance of adhering to diet 


The selection of patients for cholesteroi-lowenng drug therapy should take into account other important coronary risk factors 
Such as smoking. hypertension and diabetes mellitus. Consideration should be given to the efficacy, safety and compliance 
factors for each of the cholesterol-lowering drugs prior to selecting the one most appropnate for an individual patient 


Loreico may be indicated for the reduction of elevated serum cholesterol in patients with primary hypercholesterolemia (elevated 
low density li ins) who have not responded adequately to diet, weight reduction and control of diabetes mellitus. Lorelco 
may be useful to iawer elevated cholesteroi that occurs in patients with combined hypercholesteroiemia and hyper- 
trighyceridem:a, but it is not indicated where hypertriglyceridemia i5 the abnormality of most concern. 


it is not always possible to predict from the lipoprotein type or other factors which patients will exhibit favorable results. Lipid 
levels shouid be periodically assessed. Smat or transient changes in high density lipoprotein cholesterol may be due to 
inaccuracies i the method of determination. Substantial changes are sometimes seen with diet 


The effect of probuco!-induced reduction of serum cholesterol of triglycende levels or alteration of HDL-cholesterol levels on 
morbidity or mortality due to coronary heart disease has not yet been established. Several years may be required beinre ongoing 
long-term investigations will resolve thus question 


CONTRAINDICATIONS: (Ses also PRECAUTIONS } Lorelco i$ contraindicated in patients who are known to have a 
hypersensitivity to it. 


WARNINGS: SERIOUS ANIMAL TOXICITY HAS BEEN ENCOUNTERED WITH PROBUCOL IN RHESUS MONKEYS FED AN 
ATHEROGENIC DIET AND IN BEAGLE DOGS (SEE ANIMAL PHARMACOLOGY AND TOXICOLOGY SECTION ) 


Aithough 0-1 prolongation can occur in patients on probucol, the arrhythmias observed in monkeys fed large doses of probucol 
added to an atherogenic diet have not been reported in man. nevertheless. the faliowing precautions are deemed prudent: 


t. At the start of treatment with Loreico and throughout the treatment period. aatients should be advised to adhere to a low 
Cholesterol, iow fat diet. 


2. As part of an overall evaluation, a baseline. six month. and one year repeat ECG tracing should be considered 1f marked 
prolongation of the O-T interval (after correction for rate) occurs, the possible benefits and rsks should be carefully 
considered belore making the decision to continue the probucol administrabat 


Loreico should not be used in patients with evidence of recent or progressive myocardial damage ar findings suggestive of 
ventricular arrhythmias. 


No instances of increase in ectopy attributed to Loreico have been reported. However, patients with unexplained syncope while 
on Lorelco should have ECG surveillance. 


PRECAUTIONS 
General: Because Loreico is intended for long-term administration, adequate baseline studies should be performed to 
determine that the patient has elevated serum cholesterol levels. Serum lipid levels should be determined betore treatment and 
repeated during the first few months of treatment and periodically thereafter. A favorable trend in cholesterol reduction should he 
evident during the first three to fout months of administration of Loreico. Probucol lowers serum total and LDL cholesterol, and 
atso lowers HDL-cholesterol in many patients with elevated LDL-cholesterol. Epidemiotogic studies within hypercholesterolemic 
populations have shown that serum HDL-cholesterol is an independent. inversely correlated, risk factor for coronary heart 
disease (see CLINICAL PHARMACOLOGY). Animal or human studies which could confirm or deny the hypothesis that drug 
induced alteration in HDL-cholesterol affects cardiovascular risk have not beer carned out. T is not known whether probucol- 
induced reduction of serum HDL-choiesterol wii affect cardiovascular risk since no long-term, controled clinical thais of 
penen for the prevention of coronary mean disease. similar to the LRC-CPPT iSee CLINICAL STUDIES). have been performed. 
probable benefits obtained from LDL-chotestero! reduction must be weighed against the possible risk of a reduction in HDE- 
cholestere! when assessing the response at each patient receiving Lorelco treatment. H satisfactory lipid alteration :s not 
achieved, the drug should be discontinued. 


information for Patients: The patient shouid be instructed to adhere to a prudent diet. Fernales should be cautioned against 
— — pregnant for at jeast six months after discontinuing Loreico and should not breast feed their infants during therapy 
with Loreico. 


Laboratory Teste: The physician should schedule penodic blood kmag determinations and should consider periodic 
electrocardiograms. (See WARNINGS.) 


Elevations of the serum transaminases iglutamic-oxalacetic and glutamic-prruvic), bilimubin, alkaline phosphatase, creatine 
phosphokinase. uric acid, blood urea nitrogen and blood glucose above the normal range were observed on one or more 
Occasions in various patients treated with Loreico. Most often these were transient and/or could have been related to the 
patient's clinical state or other modes of therapy. Although the basis tor the relationship between probucol and these 
abnormaiities is not firm, the possibility thal some of these are drug-related cannot be excluded. in the controlled trials, the 
incidence of abnormal laboratory values was no higher in the patients treated with probucol than in the patients who received 
placebo. if abnormal laboratory tests persist or worsen, if clinical signs consistent with the abnormal faboratory tests develop, 
or if systemic manifestations occur, probucol should be discontinued. 


pes. any haga The addition of clofibrate to probucol is not recommended since the lowering effect on mean serum levels 
of either LDL or total cholesterol is generally not significantly additive anc. in some patients, there may be a pronounced 
towering of HDL-cholesterol. Neither oral hypoglycemic agents nor ora} anticoagulants alter the effect 
Cholesterol. The dosage of these agents is not usually modified when given with Lorelco. Monkeys fed a high fat, high 
cholesterol diet admixed with probucol exhibited serious toxicity. The toxicity observed in monkeys has not been reported in 
man. (See WARNINGS and ANIMAL PHARMACOLOGY AND TOXICOLOGY sections.) 


Loreico on serum 


4. p PULO iE Treatment of homozygous familial hyperchelesterolaemia with probucol. S Atr Med 


5. McCaughan D: The fong-term effects of probucol on serum lipid levels. Arch Intern Med 1981; 
1411428-1432. 


6. Data on file, MERRELL DOW PHARMACEUTICALS INC., Cincinnati, Ohio 45242. 








Carcinogenesis, Mutagenesis, impairment of Fertility — » 
in chronic studies of two ee duration in rats, no toxicity of Carcinogenicity was observed. These results are consistent with 
the lack of any adverse effect on fertility and the negative findings in tests for mutagenic activity in rats. 


Sd ako 

Teratogenic Effects 

Pregnancy-— Category B. Reproduction studies have been performed in rats and rabbits at doses up to 50 times the human 
dose, and have revealed no evidence of impaired fertility or harm to the fetus due to probucol. There are, however, no adequate 
and well-controlled studies in pregnant women. Because animal reproduction studies are not always predictive of human 
response. this drug shouid be used dunno pregnancy only if clearly needed. Furthermore, it a patient wishes to become 
pregnant, it is recommended that the drug be withdrawn and birth control procedures be used for at least six months because of 
persistence of the drug in the body for prolonged periods. (See CLINICAL PHARMACOLOGY.) 


Labor and Delivery: The effect of Loreico on human labor and delivery is unknown. 


Nursing Mothers: iis not known whether this drug is secreted in human milk. Dut it is likely 10 be since such excretion has 
been shown m animals. It is recommended that nursing not be undertaken while a patient is on Loreico. 


Pediatric Use: Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 
Gastrointestinal 
diarrhea of loose stools, flatulence, abdominal pain. nausea, vomiting, mdigestion. gastrointestinal bleeding 
Cardiovascular 
protongation of the Q-T interval on ECG 
Neur 
headache, dizziness, paresthesias, insomnia, Lantus, penpheral nguritis 


eosinophilia. tow hemoglobin and/or hematocrit. thrombocytopenia 
Dermatolo 

fash, pruntus, ecchymosis, petechiae, hyperhidrosis. fetid sweat 
Genitourinary 

impotency, nocturia 


thaimic 
conjunctivitis, teanng. blurred vision 
Endocrine 
enlargement of muttinodular goiter 
idiosyncrasies E 
An idiosynctatbic reaction observed with initiation of therapy and characterized by dizziness. palopitations. syncope. nausea, 
vomiting and chest pain has been observed 


diminished sense of taste and smell, anorexia. angioneurotic edema 


DRUG ABUSE AND DEPENDENCE: No evidence of abuse potential has been associatec with Lorelco, nor is there 
evidence of psychological or physical dependence m humans. 


OVERDOSAGE.: There is a single report of a 15 kg, three-year-old male child who ingested 5 gm of probucol. Emesis was 
induced by ipecac. The child remained well, apart from a brief episode of loose stools and flatulence No specific information 
is available an the treatment of overdosage with Lorelco and no specific antidote is available. Probucol 1s not dialyzable. 
Treatment is symptomatic and supportwe. Probucol has shown no identifiable acute toxicity in mice and rats. in these 
animals the LD, (oral) ts in excess of 5 grkg of body weight. 


DOSAGE AND ADMINISTRATION: For aduit use only. The recommended and maximal dose i$ 500 mg (two tablets of 
250 mg each! twice daily with the mormng and evening meals 


HOW SUPPLIED: Fach white him- coated tabiet contains 250 mg probucol and is imprinted. with the DOW diamond 
trademark over the code number 51, or LORELCO 250. 
Botties of 126 tablets, a 30-day supply for one patient (NDC 0068-0051-52) 


Keep weil clased. Store in a dry place. Avoid excessive heat. Dispense in well closed light-resistant container with chid- 
resistant closure. 


ANIMAL PHARMACOLOGY AND TOXICOLOGY: in rhesus monkeys administration of probucol in diets containing 
unusually high amounts of cholesterol and saturated fat resulted in the death of tour of e:ght ammais after several weeks. 
Premonitory syncope was frequently observed and was associated with a pronounced prolongation of the Q-T intervals (30 to 
50 percent ionger than that observed in untreated monkeys). Serum levels of probucol! greater than 20 meg/mi were generail 
associated with some prolongation in the Q-T interval in the cholesteroi-fed monkey A 75 msec or greater increase in Q- 
interval from control values was usually seen at 40 mcg/mi and above. Blood ievels in humans recereing probucol average 
— 20 meg/mi and not uncommonly reach levels of 40 mog/mi and higher. Rhesus monkeys fed normal {iow fat) 
Chow and recening probucol three to thirty times the human dose equivalent achieved blood 'evels only one-third those of 
many human subjects. No adverse effects were detected in these monkeys over an eight-year period of continuous drug 
administration in another study in rhasus monkeys, an atherogenic diet was fed for two years and daily treatment with 
probucol, separated in time from the atherogenic meal, was carried out during the second year. Serum probucol levels 
ranged 20 to 50 mcg/mi in five of ten monkeys, and less in the remaining animais Marked prolongation of the Q-T, interval in 
the electrocardiogram or syncopal behavior was never observed over the entire one-year treatment period. Regression of 
gross aortic lesions comparable to tha! observed in a parallel — ol monkeys receiving cholestyramine was seen in 
animals receiving probucol. ft should be emphasized that both HDL-cholesterol and LDL-cholesterol were markedly reduced 
in this regression study. During the performance of a two-year chromic study involving 32 probucol-treated dogs (beagles) 
there were 12 fataliies. Subsequent experiments have indicated that probucol sensitizes the canine myocardium to epi- 
nephrine, resulting in ventricular fibrillation in many dogs. Among the animal species in which probucol has been studied, 
the dog :s peculiar with respect tà the phenomenon of sudden ceath due to the sensitization of the myocardium to 
— in contrast to findings on the dag. injections of epinephrine to probucoktreated monkeys did not induce 
ventricular fibrilation. 


in other studies. monkeys were given probucol either before and after, or only after myocardial infarction induced by 
coronary artery ligation. in these studies there was no difference between probucol- and placedo-treated groups with respect 
to ether survival or detailed blind quantitation of myocardial changes (gross and histopathologic). 


Probucoi has shown no identifhable toxicity in mice and rats. In these animats the LD, (ora!) :s in excess of five gm/kg of 
body weight fn chronic studies of two-year duration in rats. no toxicity or carcinogenicity was observed. 


From studies in rats, dogs and monkeys, itis known that probucol accumulates Slowly in adipose tissue Approximately 90 
percent of probucol administered orally is unabsorbed. For that which is absorbed, the brane tract is the major pathway for 
clearance from the body and very litle is excreted by way of the kadneys 


Myocardial injury was produced in vanous groups of rats by one of the following procedures: aortic coarctation. coronary 
ligation. or cobalt or isoproterenol imection After probucol administration. no deleterious effects related to treatment 
occurred as measured by survival and microscopic examination of myocardial damage. 


Probucol was administered to rimpigs beginning ten days before lication of coronary artery and continued for 60 days post 
surgery. Challenge with epinephrine at the end of 60 days failed to induce ventncular fibmllation in any of the coronary- 
tigated. probucol-treated minipigs 


CLINICAL STUDIES: in a multicenter, randomized. double-blind study, the LRC-CPPT2. hypercholesterolemic patients 
treated with an oral bile acid sequestrant (cholestyramine) and a cholesterol iowering diet experienced average total and low- 
density bpoprotein cholesterol reductions greater than those obtained in the placebo group treated with diet alone. The 
cumulative seven-year incidence of the primary end point-— combined incidence of definite CHD death and/or definite nonfatal 
myocardial infarction — was 7% in the cholestyramine group and 8.6% in the placebo group. This was a 19% reduction in 
risk (P iess than 0.05. single-taii testi of the pnmary end point reflecting a 24% reduction in definite CHD death and a 19% 
reduction in nontatal myocardial infarction 


The subjects included in the study were middie-aged men (35-59 years old) with serum cholesterol teyels at jeast 265 mg/di 
and no previous history of heart disease. itis nof clear to what extent these findings can be extrapolated to other segments of 
the hypercholesteroiemic population not studied. 


The bile acid sequestrant, cholestyramine was used in the above inal. Caution shoulc be exercised m extrapolating these 
results to probucol since it differs tram cholestyramine with regard to its mode of action, spectrum of cholesterol-lowering 
potency. effect on HDL-cholestero! and possible toxicity. The effect of probucol-induced reduction of serum cholesterol levels 
on morbidity or mortality due to coronary heart disease has not yet been established. Several years may be required before 
ongoing long-term investigations will resolve this question. 


REFERENCES: 

1. Consensus Development Panel. Lowering blood cholesterol fo prevent heart disease. JAMA 253: 2080-2086. 1985. 

2 The Lipid Research Clinics Program. The Lipid Research Clinics coronary primary prevention trial results. 1. Reduction in 
incidence of coronary heart disease, JAMA 251. 351-64, 1984. 
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autopsy no aor | We | iral fusion 
extending 5 mm from the insertion of 2 aortic leaflets. It is concluded that. 
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Accuracy of Left Atrial and Pulmonary Artery Wedge Pressure in 


Pure Mitral Regurgitation in Predicting Left Ventricular End-Diastol- 


ic Pressure 


Richard J. Haskell and William J. French 


In most clinical conditions pulmonary artery wedge pressure accurately - 
reflects left ventricular end-diastolic pressure. In the presence of mitral 
regurgitation, large V waves can distort pulmonary artery wedge pressure 


and result in incorrect estimation of left ventricular end-diastolic pres- 





In 82 patients with mitral regurgitation simultaneous measurements 


“of pulmonary capillary wedge or left atrial pressure and left ventricular 


_ end-diastolic pressure were performed. In patients with large left atrial V 


waves due to mitral regurgitation, the trough of the X descent was the best. 


* y 


predictor of left ventricular end-diastolic pressure. In patients with small 
V waves, the mean pulmonary artery wedge or left atrial pressure still 


estimated left ventricular end-diastolic pressure despite the presence of 


mitral regurgitation. 





Ejection | Sound dn 
Adults — 


Masao Nitta, Dede Ihenacho, and Herbert N. Hultgren 





A sur 
vealed 170 (9%) with a distinct aortic ejection sound. Associated clinical 
features were: Aortic stenosis in 48 (28%), systemic hypertension in 17 
prior rheumatic fever in 6 (4%) and none of these conditions in 99 
ents. A bicuspid aortic valve was identified in 38 (22%) and a 
tricuspid valve in 83 (4977). In 49 (29%) identification was not possible. 
Studies of 120 consecutive unselected aortic valves at autopsy revealed. 
partial fusion of the leaflets (idiopathic commissural fusion) in 15% of the 
cases examined. An aortic ejection sound was present in 2 patients, but at. 


ic valve disease was present except for commissural fusion. 





f 1,950 phonocardiograms recorded over a 6-year period re- 





















this abnormality is a common cause of the aortic ejection sound in condi-. 
tions other than bicuspid or rheumatic leaflet deformity. | 





c Dilated Cardiomyopathy 





Long-Term Prognostic Significance of Ventricular Arrhythmias in : 











































or successful therapy O 
hypertensien end engine. 


C] One tablet a day 

L] Cardioselectivity* 

1 Hydrophilicity 

C] Over 20 million patient- 


years of experience 
worldwide 


TeNORMIN 


(atenolol) — — 




























elicited side effects): 
US STUDIES (% ATENOLOL-% PLACEBO): 
CARDIOVASCULAR: bradycardia (396-096), cold extremities one. 5%), postural hypotension 
(2%-1%} log pain {(0%-0.5%) 
CENTRAL NERVOUS SYSTEM/NEUROMUSCULAR: dizziness (4%-1%), vertigo (2%-0. 5%), — 
headedness (195-0. tímdness (0.695-0.596), fatigue (396-196). lethargy (195-096). drowsiness .- 
(0.6%-0%), depression (0.696-0:596), dreaming (096-096) 
RESPIRATORY (S bie diarrhea — nausea (4-13) 
RESPIRATORY WARNINGS): wheeziness (096-096), dyspnea (0.6%-1%) 
TOTALS US AND FOREIGN STUDIES: 
CARDIOVASCULAR: (396-096). cold extremities (1296-596) postural hypotension! 
(496-595), leg pain (356-195) 
CENTRAL NERVOUS 


SYSTEM/NEUROMUSCULAR: dizziness (1356-695). vertigo (23-0 
headedness (35-0. 796). tiredness (2696-1396), TOM (696-596), tethargy (396-0. 7), drow: 
(295-0. 59$). depression (1296-996), dreaming (396- 
GASTROINTESTINAL: diarrhea (396-296), — o 
RESPIRATORY (see WARNINGS): wheeziness (396-39), dyspnea (6-496) 
MISCELLANEOUS: There have been reports o skin rashes and/or dry eyes associated with thi i 






have cleared when treatment was withdrawn. Discontinuance of the drug should be considered if any ; 
: TENORMIN is indicated in the management of Such reaction is not otherwise explicable. Patients should be closely monitored following cessation of « 
sion. it may be used alone or concomitantly with other antihypertensive agents, particularly therapy. 

Giuretic. POTENTA MOVERSE ECCE TO: In oe a variety of adverse effects have been reported with — 
Fattorie Dus te Coronary Aitecacieele: TENOFMIN ic indicated for the tong-torm Ta D ee and may be considered potential adverse effects of . 































OVERDOSAGE: To date, there is no known case of acute overdosage, and no specific information‘on 
treatment of overdosage is available. The most common elec expected wih overdosage 


E congestive heart failure. hypotension, 
bronchospasm, and hypoglycemia. 


in the case of overdosage, treatment with TENORMIN should be stopped and the patient carefully. 
observed. TENORMIN can be moved from the general circulation by hemodialysis. in addition to 
gastric lavage, the following therapeutic measures are suggested if warranted: 

BRADYCARDIA: Alropine or another anticholinergic drug. 

HEART BLOCK (SECOND OF THIRD DEGREE) oproterenol or transvenous cardiac pacemaker. 

CONGESTIVE HEART FAILURE: Conventional therapy. 

HYPOTENSION (DEPENDING ON ASSOCIATED FACTORS): Epinephrine rather tan isopreen! 
or norepinephrine may be useful in addition to atropine and digitalis. 

BRONCHOSPASM: À 





Qn tI n doy ier alone D aded GOUE DOAN, eta ARA NE cse A DE 
seen within 1 to 2 weeks. If an optimal response is not achieved, the dosage should be increased to 
d en Eon DIDA TM EX TOUSNN] Cee DoyondO OU MO s das ee 


Angina Pectoris: The nita cose of TENORMIN is 50 mg given as one tablet a day itan opima 
response is not achieved within 1 week, the dosage should be increased to TENORMIN 100 mr 
as one tablet a day. Some patients may ee ae o eee e 






EOFN E O eae aedium ie EINT ione (erai QE 
ng wih hypoglycemia, but 100-150 mL/min/1. HEN therefore, the following maximum dosages are recommended fer 


ic blockade may tank certein clinical signs (op. tachycardia) of 
Abrupt vthdrawal i beta blockade might preoptate a hyo storm; therefore, 
from whom TENORMIN therapy is to be withdrawn 


e and Administration.) 
Tc Renal Function: The drug shouid be used with caution in patients with 
madtundion: (Soa Diondgs ond ANIM aur) 
et Panic a ee 
homi be cool observed Tor endonce o hypotension and/or marked radycard which gradually over a period of about 2 weeks. Patients should be carefully observed and advised to limit E 
ue icd spass = fo a minimum. 
Lit be decided to discontinue therapy in patients receiving beta blockers and clonidine Dora aab Mala EE 
de mg atenoloi, NDC 0310-0105 (round, fiat, uncoated white tablets. 
. the beta blocker shouid be discontinued several days before the gradual withdrawal of identified with ICI debossed on ane side and 105 debossed on the other side, bisected) are supplied 

















in bottles of 100 tablets and unit-dose packages of 100 tablets. 
à; pes Lof Fertility: Two long term (maximum dosing duration Tablets of 100 mg atenolol, NDC 0310-0101 (round, flat, uncoated white tablets identified with ICI. 
3 — studies one long-term (maximum dosing dura months) mouse debossed on one side and 101 debossed on the other side) are supplied in botes of 100 tablets and 
ch employing dose levels as high as 300 mg/kg/day or 150 times the maximum recommended unit-dose packages of 100 tablets. 
ILI genuine dapi inq Protect from heat, light, and moisture. 
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‘Cancer Center, New York City, and Cornell University 
Medical College, New York City, this book presents the 
atest thinking by international authorities, all of whom 

ere invited to present findings in their area of expertise 
he diagnosis, treatment, and prevention of various 
erial, fungal, viral, and parasitic infections presenting 
ts with neoplastic disease. 
iot just another "proceedings" volume. Rather 
! ork, with papers by investigators who 
d definitive preparations for publication. Further- 


the authors take a strong position on their topics, 


e result is a concise, dynamic study that belongs in 
| rary of every physician treating 


E. Brown, MD, is Assistant Attending Physician, 
al Sloan-Kettering Cancer Center, and Assistant 
-of Medicine and Pediatrics, Cornell University 
id Armstrong, MD, is Attending Physician; Chief 
e: Director, Microbiology Laboratory, Memorial 


Sloan-Kettering Cancer Center, and Professor of 
edicine, Cornell University Medical College 


Viral infections in patients with neoplastic disease: diagnosis 
and therapy : 
Parasitic diseases in immunocompromised hosts 


PART li. AIDS 


PART lil. 


patients linked by sexual contact 
Model-based approach to an analysis of a cluster pattern 
Association between acquired immune deficiency syndrome - 
and sexual contact: an analysis of the incidence pattern 
Acquired immune deficiency syndrome (AIDS) trends in the ~ 
United States A. 
Assessment of therapy for Pneumocystis carinii pneumonia ` 
PCP Therapy Project Group k 


PREVENTION 


Granulocyte transfusions 

Leukocyte transfusions: thinking twice | 

Chemoprophylaxis of bacterial infections in granulocytopenie - 
patients | 

Chemoprophylaxis of fungal infections 

Legionnaires' Disease: aspects of nosocomial infection 

Immunoprophylaxis and serotherapy of bacterial infections -. 

immunoprophylaxis of varicella-zoster infections 

Current status of prophylaxis of infection with protected 
environments 

Protected environments are discomforting and expensive and 
do not offer meaningful protection E 


copy(s) of Infectious 
| | in 


L1 Enclosed is my check for 


which includes $1.50 
handling. Yorke pays postage. — 


|. C Please bill my C1 VISA CI MasterCard 
i Card no. 


Signature Exp. date 
(3 Please bill me plus postage and $1.50 handling 
(U.S. and Canadian orders only) 
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eaaa vise c del Thus i in ds preserit -— Holter ijr ie uda was 
unable to distinguish between patients who died from subsequent pump 
failure and serena who died from subsequent sudden death. 

























CONGENITAL HEART DISEASE 


152 Double-0 e Mitral Valve: A Study of 27 Postmortem Cases with 
Developmental, Diagnostic and Surgical Considerations 











Antonio Bafio-Rodrigo, Stella Van Praagh, Eckardt Trowitzsch, and Richard 
Van Praagh 


From anatomic and development standpoints, what is double-orifice mi- 
tral valve? In a series of 27 postmortem cases, an anomaly of the tensor 
apparatus was always found. These malformations may be summarized - 
as follows: (1) chordal ring; (2) accessory papillary muscle or muscles; (3) 
subdividing muscular ridge; (4) fused papillary muscles (parachute mitral 
valve); {5} crossing chordae tendineae; and (6) central fibrous subdivision. 
More than 1 of these anomalies often coexisted per case. Double-orifice 
mitral valves almost always consisted of dnos holes in essentially 
normal leaflets, rather than of abnormal fibrous bridges or An n 
between normal leaflets. Because these fibrous “bridges” typically are 
composed of mitral leaflet tissue and chordae, they usually should not be 
transected surgically to avoid iatrogenic mitral regurgitation. The key to | 
the diagnostic and surgical understanding of the double-orifice mitral 

valve is the tensor apparatus. 













































ial Angulated Ven- 
Volumes in Infants 


Toshihito Ino, Lee N. Benson, Haverj Mikailian, Robert M. Freedom, and 
Richard D. Rowe 


To calculate right ventricular volumes from biplane cineangiography ob- 
tained in nonstandard views, regression equations were developed from 
right ventricular casts. Volumes were calculated using Simpson’s rule 
from casts obtained from 25 postmortem specimens with congenital heart 
disease. The casts were divided into 2 groups: group 1 (n = 15) with 
abnormal or group 2 (n = 10) with normal right ventricular hemodynam- 
ics. Biplane cinegrams were taken in the anterolateral, anterior and long- 
axis oblique hepatoclavicular and sitting up projections. The true e 
of each cast was determined from its weight and specific gravity. Excel- 
lent correlations were obtained between measured and true volumes (r= 

0.92 to 0.96) in all projections. The regression equations obtained from 
group 1 were not different from that in group 2 in any view. Although the 
application of different regression equations is required in measuring 
right ventricular volumes by multiple angulated angiography, these re- 


gression equations appear not to be affected by the hemodynamic state of 
the ventricle. 





id GIVE THE 
o IFT OF MORE ACTIVE 


INHIBITOR e 
INDICATED | i Y IN 
FOR 

HEART 


FAILURE = CAPOTEN enhances patients quality of life 


CO CAPOTEN relieves major C Use CAPOTEN when 
heart failure symptoms, improves symptoms persist despite digitalis 
functional capacity. and diuretic therapy. 


AEF INHIBITOR 


(APOTEN Wil 


(captopril tablets) 


YOUR FIRST CHOICE 


AFTER DIGITALIS AND DIURETICS 


* Angiotensin Converting Enzyme 


TCAPOTEN is indicated in patients with heart failure who have not responded 
adequately to or cannot be controlled by conventional diuretic and digi- 
talis therapy. CAPOTEN is to be used with diuretics and digitalis. In using 
CAPOTEN, consideration should be given to the risk of neutropenia/ /⸗ 
agranulocytosis. Use special precautions in patients with y p renal 
function, collagen vascular disorders, or those ex to other drugs 
(e.g., procainamide) known to affect the white cells or immune response. 
Evaluation of heart failure patients should always include assessment of 
renal function. See INDICATIONS, WARNINGS, and ADVERSE REACTIONS 
in the brief summary on the adjacent page. 
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locytosis (see WARNINGS). CAPOTEN may be used as initial therapy for 
$ with normal renal function, in whom the risk is relatively low. In patients 





il should be 


















: Neutropenia/ Agranulocytosis -- Neutropenia (—1000/mm?) with 
lasia has resulted from use of captopril. About half of the neutropenic 


In clinical trials in patients with hypertension who have normal renal function 
(serum creatinine —1.6 mg/dl. and no collagen vascular disease), neutropenia has 
been seen in one patient out of over 8,600 exposed. In patients with some degree of 
renal failure (serum creatinine at least Lé mg/dL) but no collagen vascular disease, 
the risk in clinical trials was about 1 per 500. Doses were relatively high in these 
patients, particularly in view of their diminished renal function. In patients with 
collagen vascular diseases (e.g., systemic lupus erythematosus, scleroderma) and 
impaired renal function, neutropenia occurred in 3.7% of patients in clinical trials. 
While none of the owr 750 patients in formal clinical trials of heart failure 
developed neutropenia, it has occurred during subsequent clinical experience. Of 
reported cases, about half had serum creatinine > 16 mg/dL and more than 75% 
ftCeived procainamide. In heart failure, it appears that the same risk factors for 
neutropenia are present. 
Neutropenia has appeared usually within 3 months after starting therapy, associated 
with myeloid hypoplasia and frequently accompanied by erythroid hypoplasia and 
decreased numbers of megakaryocytes (e.g., hypoplastic bone marrow and pancyto- 
penia); ancmia and thrombocytopenia were sometimes seen. Neutrophils generally 
returned to normal in about 2 weeks after captopril was discontinued, and serious 
fections were limited to clinically complex patients. About 13% of the cases of 
neutropenia have ended fatally, but almost all fatalities were in patients with serious 
illness, having collagen vascular disease, renal failure, heart failure or immunosup- 
pressant therapy, or a combination of these complicating factors. 
Evaluation of the hypertensive or heart failure patient should always 
include assessment of renal function. If captopril is used in patients with 


—— 


paired renal function, white blood cell and differential counts should be evaluated 
prior to starting treatment and at approximately 2-weck intervals for about 3 months, 
then periodically. In patients with collagen vascular disease or who are exposed to 
other drugs known to affect the white cells or immune response, particularly when 
there is impaired renal function, captopril should he used only after an assessment of 


benefit and risk, and then with caution. All patients treated with captopril should be 
told to report any signs of infection (e.g, sore throat, fever); if infection is suspected, 
perform counts without delay. Since discontinuation of captopril and other drugs has 
generally led to prompt return of the white count to normal, upon confirmation of 
neutropenia (neutrophil count < 1000/mm>) withdraw captopril and closely follow 
the patient's course. 


Proteinuria — Total urinary proteins ^1 g/day were seen in about 0.7% of patients 
n captopril. About 90% of affected patients had evidence of prior renal disease or 
teceived high doses (7150 mg/day), or both. The nephrotic syndrome occurred in 
about one-fifth of proteinuric patients. In most cases, proteinuria subsided or cleared 
within 6 months whether or not captopril was continued. The BUN and creatinine 
were seldom altered in proteinuric patients. Since most cases of proteinuria occurred 
hy the Sth month of therapy, patients with prior renal disease or those receiving 
. captopril at doses > 150 mg/day should have urinary protein estimates (dip-stick on 
. 1st morning urine) before therapy, and periodically thereafter. 
Hypotension — Excessive hypotension was rarely seen in hypertensive patients but 
-a possibility in severely salt/volume-depleted persons such as those treated vigorously 
with diuretics (see PRECAUTIONS [Drug Interactions ]). 
5 In heart failure, where blood pressure was cither normal or low, transient decreases 
in mean blood pressure >20% were recorded in about half of the patients. This transient 
ypotension may occur after any of the first several doses and is usually well tolerated, 
though rarely it has been associated with arrhythmia or conduction defects. A 
starting dose of 6.25 or 12.5 mg tid may minimize the hypotensive effect. Patents 
should be followed closely for the first 2 weeks of treatment and whenever the dose of 
taptopril and/or diuretic is increased. 












































CLOSE MEDICAL SUPERVISION. 


PRECAUTIONS: General: Impaired Renal Function, Hypertension — Some 
ypertensive patients with renal disease, particularly those with severe renal artery 
nosis, have developed increases in BUN and serum creatinine. It may be necessary 
to reduce captopril dosage and/or discontinue diuretic. For some of these patients, 
normalization of blood pressure and maintenance of adequate renal perfusion may 
be possible. Heart Failure — About 20% of patients develop stable elevations of 
N and serum creatinine >20% above normal or baseline upon long-term treat- 
HK. Less than 5% of patients, generally with severe preexisting renal disease, 
quired discontinuation due to progressively increasing ini 
AND ADMINISTRATION, ADVERSE F TONS [Altered Laboratory Find- 















ry/ Anesthesia -- Uf hypotension occurs during major surgery or anesthesia, and is 

red dur to the effects of captopril, it is correctable by volume expansion. 
nce. 1. Cannon P], Criley 
tory chronic conge 










impaired renal function, particularly those with collagen vascular disease, 


JM. Dzau V]. et al: A placebo- controlled trial of captopril in 
stive heart failure. J Am Col Cardiol 2:795-763, 1983. .— 


ng the diuretic 













Agents Caustmg Renin Release —Capropril’s effect will be augmented by antihypertensive _ 
agents that cause renin release. TUE: E 

Agents Affecting Sympathetic Activity — The sympathetic nervous system may be —— 
especially important in supporting blood pressure in patients receiving. lopril 
effect to captopril, but the overall response is less than additive. Therefore, use agents E 
affecting sympathetic activity (e.g., ganglionic blocking agents or adrenergic neuron — 
blocking agents) with caution. 

Agents Increasing Serum Potassium — Give potassium-sparing diuretics or potassium. 
supplements only for documented hypokalemia, and then with cantion, since they 
may lead to a significant increase of serum potassium. Use potassium-containing salt 
substitutes with caution. 

Inhibitors of Endogenous Prostaglandin Synthesis — Indomethacin and other nonsteroidal 
anti-inflammatory agents may reduce the antihypertensive effect of captopril, espe- 
cially in low renin hypertension. 


Drug/Laboratory Test Interaction: Captopril may cause a false-positive urine 
test for acetone. 


Carcinogenesis, Mutagenesis and Impairment of Fertility: Two-year studies 
with doses of 50 to 1350 mg/kg/day in mice and rats failed to show any evidence of 
carcinogenic potential. Studies in rats have revealed no impairment of fertility. 


Pregnancy: Category C — There are no adequate and well-controlled studies in 
pregnant women. Embryocidal effects and craniofacial malformations were observed 
is rabbits. Therefore, captopril should be used during pregnancy, or for patients 
likely to become pregnant, only if the potential benefit outweighs the potential risk to 
the fetus. Captopril crosses the human placenta. 

Nursing Mothers: Captopril is secreted in human milk. Exercise caution when ad- 
ministering captopril toa nursing woman, and, in general, nursing should be interrupted. 
Pediatric Use: Safety and effectiveness in children have not been established 
although there is limited experience with use of captopril in children from 2 months 
to 15 years of age. Dosage, on a weight basis, was comparable to that used in adults. 
Captopril should be used in children only if other measures for controlling blood 
pressure have not been effective. 

ADVERSE REACTIONS: Reported incidences are based on clinical trials involv- 
ing approximately 7000 patients. 

Renal — About E of 100 patients developed proteinuria (see WARNINGS). Renal in- 
sufficiency, renal failure, polyuria, oliguria, and urinary frequency in ito 2 of 1000 patients. 

Hematologic — Neutropenia/agranulocytosis have occurred (sce WARNINGS). Ane- 
mia, thrombocytopenia, and pancytopenia have been reported. 

Dermatologic — Rash (usually maculopapulat, rarely urticarial), often with pruritus 
and sometimes with fever and eosinophilia, in about 4 to 7 of 100 patients (depending 
on renal status and dose), usually during the Ist 4 weeks of therapy. Pruritus, without 
rash, in about 2 of 100 patients. A reversible associated pemphigoid-like lesion, and 
photosensitivity have also been reported. Angioedema of the face, mucous mem- 
branes of the mouth, or of the extremities in about 1 of 1000 patients — reversible on 
discontinuance of captopril therapy. One case of laryngeal edema reported. Flushing 
or pallor in 2 to 5 of 1000 patients. 

Cardiovascular — Hypotension may occur, see WARNINGS and PRECAUTIONS 
(Drug Interactions) for discussion of hypotension on initiation of captopril therapy. 
‘Tachycardia, chest pain, and palpitations each in about 1 of 100 patients. Angina 
pectoris, myocardial infarction, Raynaud's syndrome, and congestive heart failure 
each in 2 to 3 of 1000 patients. 

Dysgeusia — About 2 to 4 (depending on renal status and dose) of 100 patients 
developed a diminution or loss of taste perception; taste impairment is reversible and 
usually self-limited even with continued drug use (2 to 3 months). Gastric irritation, 
abdominal pain, nausea, vomiting, di anorexia, constipation, aphthous ulcers, 
peptic ulcer, dizziness, headache, malaise, fatigue, insomnia, dry mouth, dyspnea, 
cough, alopecia, and paresthesias reported in about 0.5 to 2% of patients but did not 
appear at increased frequency compared to placebo or other treatments used in 
controlled trials. 


Altered Laboratory Findings: Elevations of liver enzymes in a few patients 
although no causal relationship has been established. Rarely cholestatic jaundice and 
hepatocellular injury with or without secondary cholestasis, have been reported. A 
transient elevation of BUN and serum creatinine may occur, especially in volume- 
depleted or renovascular hypertensive patients. In instances of rapid reduction of 
longstanding or severely elevated blood pressure, the glomerular filtration rate may 
decrease transiently, also resulting in transient rises in serum creatinine and BUN. 
Small increases in serum potassium concentration frequently occur, especially in 
patients with renal impairment (sec PRECAUTIONS). Le 
OVERDOSAGE: Primary concern is correction of hypotension. Volume expans 
with an LV. infusion of normal saline is the treatment of choice for restoration of 
DOSAGE AND ADMINISTRATION: CAPOTEN (captopril) should be taken = 
one hour before meals. In hypertension, CAPOTEN may be dosed bid or tid. Dosage. ~ 
must be individualized; see DOSAGE AND ADMINISTRATION section of pack- ©. 
age insert for detailed information regarding dosage in hypertension and in heart 
failure. Because CAPOTEN (captopril) is excreted primarily by the kidneys, dosage 
adjustments are recommended for patients with impaired renal function. 

Consult package insert before prescribing CAPOTEN (captopril). 

HOW SUPPLIED: Available in tablets of 12.5, 25, 50, and 100 mg in bottles of 100 
(25 mg and 50 mg also available in bottles of 1000), and in UNIMATIC* unit-dose ^-— 
packs of 100 tablets. | (58H) — 
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QMED INTRODUCES FEATURES 
Simultaneous two-channel 
analysis of ECG events 

NON | | © Analysis of full-sized strips 
including: 
* Time and date 
Duration of episode 
Heart rate at onset 
Correlation with 


symptoms 


3 y im x | Z z D Rapid report generation 

DISCIOSURE Oi orga ttr i hard copy 

OVER 300 ricos otl 
ANNOTATED nd 
20 CRI NS ver lor eo 


— Couplets 
— V-tach 

Bradycardia 
Tachycardia 


Patient event marker 
samples 


Routine and automatic 
sampling of the ECG 


Histograms 
Quantitative data 


ASK YOUR Narrative summon 
QMED SALES a 
REPRESENTATIVE aa Re! 
FORCOMPLETE archiving of data S 
D FETAI LS Modem for transtelephonic 


monitoring 


- (R) . / * 
C) Duracell? zinc/air power 
Q = source for extended 
67 Walnut Avenue; Clark, NJ 07066 
Telephone (toll free}: (800) 237-2039 In New Jersey, call collect: (201) 381-6880 
Telex: 317109 (Q MED INC) Fox: 201-815-953¢ 


ambulatory monitoring 


without battery change 
Laser printer 


*Some extra features may not be available at the time of 
this printing. 
























1975 (precardiography and pre-Doppler era] and 1985 ( chocardiography 
and Doppler era). The findings include: (1) decreased catt eterization 
(41% versus 21%, p <0.0001); (2) decreased recatheterization (62% versus 
38%, p = 0.08); (3) increased operation without catheterization (10% ver- 
sus 37%, p <0.001); and (4) decreased catheterization in 7 common con- 
genital anomalies. Operative mortality was not statistically different. The 
change in practice appears to be most closely related to the maximal use of 
a substitute imaging and hemodynamic modality—namely, 2-dimension- 
ki al and Doppler echocardiography. 

















A. Gross, Julian C. Williams, Christine Caprioli, Barbara Dominguez, 
Rodney Howell 





All patients with mucopolysaccharide storage disease presenting to our 
institution from 1979 to 1987 underwent echocardiographic assessm 
the heart and great vessels. A total of 29 patients were seen, representing 
all typ es of mucopolysaccharide storage disease except for Maroteaux- 

mdrome and 8-glucuronidase deficiency. A number of echo and 
Doppler abnormalities that have not been described : reviously were 
ed in addition to the well-recognized mitral and a 
malities! in Hunter and Hurler syndromes. Abnormalities were frequently 
detected in patients with unremarkable cardiac examinations. We con- 
clude that t tients with mucopoly- 
saccharide storage disease i is | greater t an previously reported and that 
absence of clinical findings does not necessarily indicate an absence of 
cardiac disease. 






























Claude DuPuis, Guy Vaksmann, Claude Pernot, Raymond Gerard, José 





Martinez, and Harko Van Egmond 






Eight cases of left pulmonary artery sling, which were asyn ptomatic at the 
time of E à last Seer te are described: 2 adults and 1 child with no 
















ie — lon p: of rh 8 Ddtentes was 10 years un æ 4 to p^ sadi in 
1986, all were in good health and free of respiratory symptoms. 
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Prescribe a slow and easy dual release mechanism 
when selecting a solid potassium supplement. 


KLOTRIX® is the only slow-release KCl that employs a 
dual release mechanism: a wax matrix plus a patented 
permeable membrane coating. 







for tbe patient who can't or won't drink liquid KCl 


KLOTRIX 
(POTASSIUM CHLORIDE) 


IHE GENTLE ONE 


© 1986 Mead Johnson & Company * Evansville, Indiana 47721 U.S.A. J-V5 (Please see Brief Summary of Prescribing Information on the following page) 











Q TROLLED- RELEASE TABLETS, 10 mEq 








DESCRIPTION: KLOTRIX s a — (not anteric-ooated! tabiat containing 750 mg 
potassium chicride (equivalent to 10 mEq) in a wax matrix. Thus formulation is intended to 
provide a controlled release of potassium from the matrix te minimize the likelihood of 
producing high localized concentrations of potassium eife the gastrointestinal tract. 

| INDICATIONS: BECAUSE OF REPORTS OF INTESTINAL AND GASTRIC ULCER- 

~ ATION AND BLEEDING WITH SLOW-RELEASE POTASSIUM CHLORIDE PREPARA- 
TIONS, THESE DRUGS SHOULD BE RESERVED FOR THOSE PATIENTS WHO 

- CANNOT TOLERATE OR REFUSE TO TAKE LIQUID OR EFFERVESCENT POTAS- 
SIUM PREPARATIONS OR FOR PATIENTS IN WHOM THERE 15 A PROBLEM OF 
COMPLIANCE WITH THESE PREPARATIONS. — 

f. For therapeutic use in patients with hypokaiemia. ath or wihout metabolic alkalaems. in 
digitalis intoxication and in patents wih hypokalemic fara! periodic paralysis. 

- 2. For prevention of potassium depletion when the. dietary i niake of potassium S 

- inadequate in the folowing conditions: Patients receiving digitalis and diuretics for 
congestive heart isdure: hepatic cirrhosis with ascites; states of aldosterone excess with 
normal renal function: patassium-osing nephropsthy, and certain diarrheal states. 

3, The use of potassium salta s patients feceiving diuretics for uncomplicated essential 
hypertension is offen urinecessary when such patients t have a normal dietary patter. 
Serum potassium should be checked periodically. however, and. if hypokalemia COCKS, 
dietary supplementation with polassium-containing foods may be adequate to control 
— Cases, in more severe Cases ———— wih pxtássium salis may be 


| indicated. 
CONTRAINDICATIONS: in patents with hyperkalemia, Sines a further increase in serum 
potassium concentration in such patients cán produce cardian arrest: Myperkalema may 
“complicate any of the following conditions: chronic renal failure, systemic acidosis such as 
diabetic acidosis, acute dehydration, extensive tissue treakdown as in severe burns, 
adrenal insulfinency. or the admitistration of a potassium oporing Surely (eg. spironotac- 
tone. triamterene]. 
Wax-matrix potassium chitride preparations have produced esaphageal ulceration in 
certain cardiac patients with esophageal compression due t enlarged feft atrium. AJ boid 
dosage forms of potassium supplements are contraindicated in any patient in whom there 
| i&cause for arrest or delay in tablet passage through the Gl tract. in these matances. 
| polessium supplementation should be will a liquid prapanatin, 
| WARNINGS: Hyperkaiemla: in patients with impaired mecrianisms for excreting 
| potassium, administration of potassium salts can produce. hyperkalemia and caníiac 
arrest, This i Woum most commonly in patients gen patassidm intravencusty bui may aso 
occur wheh given orally. Potenitially fatal hyperkalemia can develop rapitily and be 
asymptomatic. Use of potassium salts in patients: with chrorüz renal disease, or any other 
condition which «mpairs potassium excretion requires pártcuarly caret monitoring of the 
senum potassium concentration and appropriate dosage adiüstment. 

interaction with potassium-sparing diuretics: Hypoksia should not pe treated by 

the concomitant administration of potassium salts and a potagsium-sparing diuretic (eg. 

spironolactone or triamterenet, since the simultaneous administration of these agents can 
produce severe hyperkalemia 

Gastrointestinal lesions: Potassium chloride tablets have prodgcid stenotic and/or 

- ulcerative lesions of the small bowel and deaths. These lesions are caused by a high 

“| localized concentration of potassium ion in the region of a rapidly dissolving tablet, which 
] oures the bowel wall and thereby produces obstruction, hemorrhage, e perforation. 

KLOTRIX is a wax-matrix tablet formulated to provide a contiolled rate of release of 

polassiunt chioride and thus to minimize the possibility af a ^igh focal concentration of 

| potassium ion near the bows! wall. Whie the feported frequency of smai-bowel lesions is 
. much fess with wax-matrik tablets (less than one per 190,000 patient-years} than with 

- entenc-coated potassium chinride tablets (40-50 par 106.000 patient-vears]. cases 

associated with wax-matrix tablets have been faporied both in foreign countries and in the 

+ United States. in addition, perhaps because the wax-matri preparations are ^ot 

-sitetic-coatad and mlease cotassium in the stomach, ‘dere? hava Deen reports of upper 

i gastrointestinal hieeding associated with these products. The total number of gastro- 

. intestinal lesions remains less than one per 100.000 patient-years. KLOTRIX should be 
discontinued immediately and the possibility of Bowel obstruction or perforation considered 
it severe. vomiting. “abdominal pain. distention, or gasticintestinal bleeding occurs. 
Metabolic acidosis: Hyookalemia in patients with metabolic aciosis should be treated 
wath an aikalinizing t potassiam salt such as potassium bicarbonate. potassium chale, or 
potassium acetate. 

PRECAUTIONS: Potassium demetan is ordinary diagnosed by demonstrating 
hypokalemia in a patient with a clinical history suggesting some cause for potassium 
depietion. In interpreting the serum potassium level. the physician should bear in mind 
that acute alkalosis per se can produce hypokalemia in the absence of a delict in total 
body potassium, while acute acidpsis per se can increase the sarum potassium 
toncentration into the normal range even in the presence of s reduced total body 
potassium. Trealmert of potassium depletion particularly in presence of catdiac disease. 
renal diseáse, or acidosis. tequires careful attention ip acid-sase balance and appropriate 
monitoring of serum electrotites, electrocardiogram and cliical status of patient, 

. l ADVERSE REACTIONS: Most common to. crai potassium salts. nausea. vomiting. 

. b abdominal discomfort, and diarrhea. These: symptoms are due in tation of the 

:j gastrointestinal tract and are best managed by diluting the preparation further, taking the 

cF. dose with meals, or reducing the dose. One of the mos! severe adverse affects is 

jfyperkalemia (see Contraindications: and Warnings). Thae al&c have been reports of 

d upper and lower gastromtesbhal conditions including obstruction, bleeding. uicerafion and 

| perforation (see Contraindications and Warnings): other factors known fo be associated 

j with such conditions were present in.many i these. patients. Skin rash has been reported 

E 

DOSAGE AND ADMINISTRATION: The usual dialáry intake of potassium by the average 

| adul is 40 to 80 mEq per day. Potassium depletion sufficient to cause hypokalemia 

 isuslly requires tha loss of 200 or more mEg of potassium from the total body store 

Dosage must ba adjusted to the individua! needs of each patent but is typically in the 

range of 20 mEy per day for the prevention of hypokalemia to 40-100 mEg per day or. — 

more for the treatment. af potassum depletion. RO 

Note: KLOTRIX* siow-retease tablets must be swallowed whole and never crushed ot 

. . chewed; Following release of the potassium chloride, the expended wax matrix which i5 

not absorbed. may be observed in ihe stool. 

HOW SUPPLIED: Botiles of 100. 1000, and Unit Dose cartons of 100. 
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iocardiography 


by José Missri, MD 
0-914316-51-6 256 pp., April 1986, 175 illustrations, 
$55.00 


The development and refinement of Doppler echocardio- 
graphy represent a major advance ín the diagnostic "E 
tions of ultrasound in heart disease. 

Dr. Missri has written Clinical Doppler Echi ERT to 
provide clinical cardiologists, postdoctoral fellows and 

"echo" technologists with practical information on cardiac 
Doppler applied to acquired and congenital disease. 
B tea written, HE a eel illus- 
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(Æ | Yorke Medical Books 
XI Box C-757, Brooklyn, NY 11205 


Please send me __ copyfies) of Clinical Doppler Ec hocardiography 
$55 OO apiece. E 
Li Enclosed is my check for o which includes $1.50 by andling. 
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linical Persi ective 
edited by Michael E . Di a Bakey, 


0-914316-40.0, November 1983, 274pp., p 00 














valuable new clinical: reference provides a detailed. update on many aspects of mechanical heart valve. . 
eses, including hemod ynamics, clinical results, results in children, non-invasive assessments, special. a 
ations, and implant techniques. Each topic is presented in an easily understood style and format which . 

itate the comprehension of recent developments in heart valve replacement for the busy clinician. = 











ch chapter is written: by internationally respected physicians and medical scientists each of whom is 
eminent in his field. All of this information has been co-ordinated by Dr. DeBakey to produce avery — . 
dable and informative volume on the state-of-the-art of heart valve replacement with mechanical prostheses. 
ardiologist, cardiovascular : surgeon, internist, or ———— can afford not to be knowledgeable ; about the. 
ormation in this. book. 
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(mexiletine hydrochloride) 
Oral Antiarrhythmic 


Briet Summary of Prescribing information 


CONTRAINDICATIONS: Mexitii® (mexiletine hydrochloride) is contraindicated in the presence of 
—— — shock or pre-existing second- or third-degree AV block (if no pacemaker is present). 
^. PRECAUTIONS: General: If a ventricular pacemaker is operative, patients with second or third 
"degree heart biock may be treated with Mexitil* (mexitetine hydrochloride) i! continuously moni- 
tored: A limitec! number of patients (45 of 475 in controlled clinical trials) with pre-existing first 
z AV Dlock were treated with Mexitil; none of these patients developed second or third 
/ block. Caution should be exercised when it is used in such patients or in patients with 
ing sinus node dysfunction or intraventricular conduction abnormalities. 
tiarrhythmics Mexitil can cause worsening of arrhythmias. This has been uncommon 
its with less serious arrhythmias (frequent premature beats or non-sustained ventricular 
dia: see ADVERSE REACTIONS), but is of greater concern in patients with life-threatening 
(ias such as sustained ventricular tachycardia. in patients with such arrhythmias sub- 
programmed electrical stimulation or to exercise provocation, 10-15% of patients had 


Od: {0 p Wark 
xacerbation of the arrhythmia, a rate not greater than that of other agents. 


Capsules of 150 mg, 200 mg and 250 mg 















x "o should be used with caution in patients with hypotension and severe congestive heart 
' failure. i 
Since Mexitil is metabolized in the liver, and hepatic impairment has been reported to prolong the 
elimination half-life of Mexitil, patients with liver disease should be followed caretully while receiv- 
ing Mexitil. The same caution should be observed in patients with hepatic dysfunction secondary 
to congestive heart failure. X l 
Concurrent drug therapy or dietary regimens which may markedly alter urinary pH should be 
avoided during Mexitil therapy The minor fluctuations in urinary pH associated with normal diet 
do not affect the excretion of Mexitil. l 3 ; 
SGOT Elevation and Liver injury: in three-month controlled triais, elevations of SGOT greater 
than three times the upper limit of normal occurred in about 196 of both mexiletine-treated and 
Control patients. Approximately 2% of patients in the mexiletine compassionate use program had 
elevations of SGOT greater than or equal to three times the upper limit of normal, These elevations 
frequently occurred in association with identifiable clinical events and therapeutic measures such 
aS congestive heart failure, acute myocardial infarction, blood transfusions and other medications. 
: vations were offen asymptomatic and transient, usually not associated with elevated 
ubini DEN and usually did not require discontinuation of therapy. Marked elevations of SGOT 








— Yesis, — t of Fertility: Studies of carcinogenesis in rats 
(24 months) and mice (18 months) did not demonstrate any tumorigenic potential. Mexitil was 
- found to be Ad sis cl in the Ames test. Mexiti! did not impair fertility in the rat 


regnancy Category C: Reproduction studies performed with Mexitil in rats. mice and rabbits at 
doses up to four times the maximum human oral dose (20 moko in a 50 kg patient) revealed no 
evidence of teratogenicity or impaired fertility but did show an increase in fetal resorption. There 
are no adequate and well-controlled studies in pregnant women, this drug should be used in 
: pregnancy only if the potential benefit justifies the potential risk to the fetus. 
: Nursing Mothers: Mexiti appears in human milk in concentrations similar to those observed in 
plasma. Therefore, i! the use of Mexiti is deemed essential, an alternative method of infant 
peding should be considered 
atric Use: Safety and effectiveness in children have not been established. 
E REACTIONS: Mexitil® (mexiletine hydrochloride) commonly produces reversible gas- 
dnc — 











system adverse reactions. but is otherwise well tolerated. Mexitil has 
atents in one-month and three-month controlled studies and in over 
passionate use program, Dosages in the controlled studies ranged 
2) in the compassionate use progr: 

pre introlied trials 
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-Palpitations 
Chest Pain l 
increased Ventricular Arrhythmia/PVC's 
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ausea/Vomiting/Heartbum 
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Dizziness/Lightheadedness 

Tremor 

Nervousness 

Coordination Difficulties 

Changes in Sleep Habits 

Paresthesias/Numbness 

Weakness 

Fatigue 

Tinnitus 

Contusion/Clouded Sensorium 


Headache 

Blurred Vision/Visual Disturbances 
Dyspnea/Respiratory 

Rash 
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A tabulation of adverse reactions occurring in one percent or more of patients in the three- T 
controlled studies follows: 


Comparative incidence (%) ot Adverse Events among Patients Treated with 
Control Drugs in the Ta Week Double-Blind Trials 
Mexiletine Quinidine Procainamide 
N= 430 N= 262 N= 78 
Cardiovascular 
Palpitations 
Chest Pain 
Angina/Angina-like Pain 
increased Ventricular 
Arthythmias/PVC's 
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Nausea/Vomiting/Heartburn 

Diarrhea | 

Constipation 

Changes in Appetite 

Abdominal Pain/Cramps/ 
Discomfort 
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Dizzi ess 
Lightheadedness 

Tremor 

Cootdination Difficulties 

Changes in Sleep Habits 

Weakness 

Nervousness 

Fatigue 

Speech Difficulties 
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Paresthesias/Numbness 

Tinnitus 
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Biurred Vision/Visual 
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Dyspnea/Respiratory 
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Arthraigia 
Fever 
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Less than 1%. Syncope. edema, hot flashes. hypertension, short-term memory loss 
consciousness, other psychologicai changes. diaphoresis, urinary hesitancy/retentior 
impotence/decreased libido. pharyngitis. l 
An additional group of over 10.000 patients has been treated in a program allowing admitis! 
of Mexitil under compassionate use circumstances. These patients were seriously il with 
large majority on multiple drug therapy. Twenty-four percent of the patients continued 
program for one year or longer Adverse reactions leading to therapy discontinuation occ 
15% of patients (usually upper gastrointestinal system or nervous system effects). In gener. 
more common adverse teactions were simüar to those in the controlled tnals. Less è 
adverse events possibly related to Mexitil use include: l 
Cardiovascular System: Syncope and hypotension, each about 6 in 1000; brad 
about 4 in 1000: angina/angina-like pain, about 3 in 1000, edema, atrioventricular bi 
conduction disturbances and hot flashes, each about 2 in 1000; atrial arrhythmias, h 
sion and cardiogenic shock, each about 1 in 1000. . 
Central Nervous System: Short-term memory loss, about 9 in 1000 patients; hallucina 
and other psychological changes. each about 3in 1000: psychosis and convulsions/ 
each about 2 in 1000: loss of consciousness, about 6 in 10,000. l 
Digestive: Dysphagia, about 2 in- 1000; peptic ulcer. about 8in 10.000: upper gastroir 
bleeding. about 7 in 10,000; esophageal ulceration, about 1 in 10.000. j 
Laboratory: Abnormal fiver function tests, about 5 in 1000 patients. positive ANA a 
bocytopenia, each about 2in 1000; leukopenia (including neutropenia and aqranul 
about 1 in 1000: myelofibrosis, about 2 in 10,000 patients. l 
Other: Diaphoresis, about 6 in 1000, altered taste, about 5 in 1000, salivary chang 
loss and impotence/decreased libido. each about 4 in 1000; malaise, about 3- 
urinary hesitancy/retention. each about 2 in 1000; hiccups. dry skin. laryngeal and pl 
gea! changes and changes in oral mucous membranes, each about t in 1000; 
drome, about 4 in 10.000. — 
Hematology: Blood dyscrasias were not seen in the controlled trials but did occur amor 
10.867 patients treated with mexiletine in the compassionate use program (See PRECAUTION 
Myeiofibrosis was reported in two patients in the compassionate use program: one was re 
SR -term thiotepa therapy and the ovher had pretreatment myeloid abnormalities. 
SUPPLIED: 7 
Mexiti® (mexiletine hydrochloride) is supplied in hard gelatin capsules containing 
250 mg of — hydrochloride in bottles of 100 and individually biister-seated 
cartons of 100. l 













Demonstrated in clinical trials 

and worldwide practice for control 

of PVCs, couplets, and V Tach 
MEXITIL provides efficacy comparable to 
that of the traditional first-line antiarrhythmic 
agents. '® And that efficacy generally stays 
with the patient as long as the patient stays 


with MEXITIL?’ 
In addition, MEXITIL offers benefits for a broad 


range of arrhythmia patients. It demonstrates 
no significant negative inotropic effect, *^? 
does not prolong the QT interval, ^! and 

has been used with commonly employed 
antiarrhythmic, antianginal, antihypertensive, 
and anticoagulant drugs, without observed 
interactions. 


The most common MEXITIL adverse reactions 


(reversible GI and CNS side effects) can often 
be reduced with careful dose titration and by 
taking the drug with meals, snacks, or antacids.‘ 
Adverse reactions usually appear within the 

first days of therapy. Once patient response and 
tolerance have been optimized, long-term, well-^ 
tolerated control can generally be anticipated. 
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(mexiletine HCl) 


First-line long-term arrhythmia therapy 





I 


* Based on studies in which patients were followed for up to 66 months. 


t Like other antiarrhythmics, mexiletine has not been shown to prevent sudden death in patients with serious ventricular ectopic activity. And, like other antiarrhythmics, 
mexiletine has potentially serious side effects, including the ability to worsen arrhythmias. Clinical and electrocardiographic evaluation are needed to guide therapy. Please see 
next page for a brief summary of prescribing information, including contraindications, precautions, and adverse reactions. 
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e rdi 

s origin in a different value of the model param- 
"ck in animals or patients with unperfused and 
fused infarcts, that is, the fraction of released 
ne kinase (CK) recovered in the plasma volume. 
lue equals 15 to 30% in unreperfused infarcts!” 
considered to be markedly increased in reper- 
infarcts.?? With Shell et al’s method, Tamaki et 
ind in recanalized infarcts more CK-MB release 
e plasma for equivalent infarct volume than in 
erfused infarcts. Blanke et al? also used Shell's 
od and found different relations between cumu- 
amount of released CK and length of noncon- 
ting segment or left ventricular (LV) ejection frac- 
n patients with AMI receiving thrombolytic ther- 
and those receiving conventional therapy. The 
n difference was that at comparable degrees of 
airment of LV function the cumulative amount of 
ased CK was higher in the thrombolysis group than 
control group. 

e enzymatic estimation of infarct size developed 
tteveen et al? has been used in patients with AMI 
ut or with thrombolytic therapy with urokinase, 
ients who underwent cardiac surgery for coro- 
rtery bypass grafting, aortic valve replacement 
ral valve replacement?!? and in patients with 
who underwent thrombolytic therapy with strep- 





















































ase. 11-1? Hermens and coworkers!* demonstrated 
any cytoplasmic (isoJenzyme liberated from irre- 
ibly damaged myocytes in acutely infarcted myo- 
ium is recovered completely in the plasma. To 
y whether Witteveen et al's method to assess in- 
size can be applied equally well to reperfused 
unreperfused myocardial infarcts, enzymatic in- 





patients with reperfused and unreperfused infarc- 


The present investigation was performed as part of 
study comparing streptokinase with conventional 
tment in patients with AMI, conducted by the In- 
niversity Cardiology Institute in the Nether- 
$. Study design, that is, inclusion criteria, ran- 
zation procedure, acute catheterization and ther- 
has been published in detail elsewhere.11:15.16 
ly, patients were eligible for the trial if admitted 
n 4 hours after onset of chest pain with electro- 
ographic signs typical of AMI. Patients who met 
nclusion criteria were randomly allocated to 
ibolytic therapy or to conventional treatment. Pa- 
who refused consent or patients in whom throm- 
ic therapy was withheld for other reasons re- 
d conventional treatment, but were included in 








Size was compared with LV function parameters - 
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nent di DUNS 
Of 533 patients enrolled in the study, 417 patients 
had first AMI. Follow-up angiograms of adequate 
quality for quantitative analysis were obtained in 266 
of these 417 patients. These data were missing in 151 
patients with first AMI due to death, early bypass sur- 
gery and transfer to another hospital in the intervening 
period, refusal of the second angiographic study or an 
inadequate quality of the angiogram.’ Of the 266 pa- 
tients with first AMI, 134 and 132 were allocated to 
thrombolytic and conventional therapy, respectively. 
Of these 266 patients, 116 had an anterior wall infarc- 
tion, and 150 patients had an inferior wall or true pos- 
terior infarction. From follow-up angiography, the fol- 
lowing quantities were determined: LV end-systolic 
volume index, LV end-diastolic volume index, LV 
ejection fraction, LV stroke index, cardiac index, LV 
systolic pressure, LV end-diastolic pressure and the 
ratio of LV peak systolic pressure to LV end-systolic 
volume index. The latter ratio is considered to reflect 
the "contractile state" of the heart and is a simplifica- | 
tion of the maximal elastance (Emax} concept, which 
describes the linear relation between LV end-systolic 
volume index and LV end-systolic pressure at constant 
inotropic level.!7!? This simplification has also been 
used by others.!?-? Replacement of LV end-systolic 
pressure by LV peak-systolic pressure has been shown 





not to interfere with the usefulness of the ratio as an 
index of LV performance.!??! Enzymatic infarct size 


has been calculated on the basis of plasma enzyme a- 
hydroxybutyrate dehydrogenase or lactate dehydroge- 
nase curves.'* Patients were divided into 4 groups ac- 
cording to infarct size category: X600 U/liter, 601 to 
1,200 U/liter, 1,201 to 1,800 U/liter and >1,800 U/liter. 


Results | 
Table I presents the values of enzymatic infarct size 
and left ventricular function parameters in the 2 treat- 
ment groups. In patients allocated to thrombolytic 
therapy infarct size is smaller (29%, p <0.001) than in 
the control group. The smaller infarct size in the 
thrombolysis group is associated with smaller LV end- 
diastolic volume index (p «0.05) and LV end-systolic 
volume index (p «0.005) and higher LV ejection frac- 
tion [p «0.001), whereas LV peak-systolic pressure, LV 
end-diastolic pressure, LV stroke index and cardiac 
index were similar compared with the control group. 
Correspondingly, the ratio of LV peak-systolic pres- 
sure to LV end-systolic volume index is higher (p - 
<0.02] in patients allocated to thrombolytic therapy. 
Patients allocated to thrombolysis were subdivided 
into 31 patients with a patent infarct-related artery at 
the start of acute angiography, 78 patients with recana- - 
lization of the infarct-related artery during intracoro- B 
nary streptokinase administration, 12 patients without _ 
reperfusion despite intracoronary streptokinase infu- 
sion and 13 patients without acute angiography. Table- 
shows that compared with the latter 2 groups (without. 
eperfusi iz 








































Enzymatic Left Ventricular 

















infarct — 
Size EDVI ESVI Si EF Ct PSP EDP PSP/ 
(U- liter") imeem (mem? (mi-m'^?) (96) (liter - m7?) (mm Hg) . (mm Hg) mm m 











1,249 + 64! 43 X 1 








9243 4943 4941 324501 12742 1941 54 
1834 8883147 83 + 3 3942 4441 56541 33401 12942 1941 43 È 
c0 Openg | 31 666471 8+4 3643 4542 5742 33402 13044 2042 4.5.4 
— - Recanalization | 78 904465. : 8143 3742 4442 5641 32x01 12643 1941 454 
No recanalization 12 1,138134. 85548 — 4447 84244  50t3 32403 126410 1942 34 X 
^ Noacue — ^ no E 035 i Tt. 001 +13 S848 4846 4842 37405 18446 2142 3.14 
catheterization | p UE e Ro e T : 
m s <o. o1 <o. 05. NS | «0001 > I 20 NS NS <0 
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Tecanalization of the infarct-related | 








va lues £ standard. error. ‘ottte mean. ae 
W ided Student ttest: Throm lysis. versus. ‘control. C= 
| raction; ESVI = 








E" TABLE ll Mean Values of Enzymatic An 
. (Control) and to 9 Intracoronary d Thr »mbolytic Therapy 















— 
dmi m7?) 


EDV 


Ee v Tec (m on 







* * Patients of Seth groups are div i 
T Mean values x standard error of. the mean. 
* Two-sided Student t test: mone boly 





end-diastolic volume indi x and L LV end-systolic: vol- 












E ume index, "erii Lv — 





end-systolic volume ratio. 
ee and o control p 















- thrombolysis group had sr 
- control group. Smaller infarct sizes in patients allocat- 
ed to thrombolysis were associated with smaller LV 


-< end-diastolic volume index (p «0.01 in anterior; not 


 Significantin inferior), smaller LV end-systolic volume 
= index (p <0.005 in anterior 
higher ar LV ejection fraction (p «0.005 in both localiza- 
Jand higher LV peak-systolic j pressure to LV end- 
plume index ratio (p. «0.01 in anterior; not 








: . ANN ot the thrombolysis group were divided in into 4 — patients who had an open ‘intarct-related c coronary. inem at first angiography, patie 
d onary artery. during intracoronary infusion of streptokinase, patients. whose infarct-related coronary artery. 
| ized despite intracoronary infusion of sri and patients. who did not ne ge acute — because they refused thrombolytic ther 


cardiac index: E EDP = end-diastolic pressure; EDVI= 
Bip ice volume dex; NS: = not S eignincent PSP = peak EET pressure; $t 


nfarct Size and iv Function Parameters in » Patients Randomly Assigned to Conventional 






(me m7?) 


according to o infarct localization, those with anterior infarction and those with inferior infarction. 


ye is versus control. Seo Table for abbreviations. 


ection. fraction and higher LV - 
F ume index and LV end-systolic volume index 

creased considerably (p «0.001 in both tre 
. groups), LV peak-systolic pressure decreased « 
. (p «0.01 in control patients; not significant in stre 
nase-allo-cated patients), LV stroke index and car 
index decreased slightly (not significant in both 


oe 
= group (able 1 II). eid either pior AME nee bette Hn | 
aller infarct size than the 
erably (p <0.001 in both treatment groups) and al 


volume index decreased substantially (p <0. 


ot significant i in inferior), both treatment groups). - 


ared with patients i in the stroke index i E statistically independent of 
























-end-diastolic volume index; EF = 
"stroke. index. | 
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according. to enzymatic infarct size (Table IIIJ 
increasing infarct size category, LV end-diastol 


ment groups), LV. ej jection fraction decreased col 


ratio of LV peak-systolic pressure to LV end-s: 







In Figure 1 LV end-diastolic volume index, L | 
systolic volume index and LV stroke index are 
against enzymatic infarct size per patient: g 
















c ie a sure to aLV V end-systolic volume index to dec: 
infarct size, as mentioned before. This implies that 
both the Starling mechanism and the global contractil- 

ot. dty characteristics undergo infarct-dependent changes: 

e going from small to large infarct size category, the Star- 

= bs NT urve shifts to the right, which reflects a decreased 

obal contractility, since afterload is almost c constant 
ae as judged from. LV peak-systolic pressures. 


T Discussion o 
(0. The applicability of Shell et al's! niethod to quant: 
x B infarct size in reperfused hearts has been. ques- 
| — by several groups.? 9 Reperfusion led to an in- 
ves Piero T LV futic: creased amount of CK appearing in the blood per gram 
infarction chs an picis of infarct compared with. -unreperfused infarcts. 

| - Vatner et al? proposed that a reperfusion-induced i in- 
-crease of the rate of transport of CK into the systemic 
circulation would reduce the exposure time of 
local "none Although E Shell et al? and Rober rts 
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THROMBOLYSIS. 0000 CONTROL — 2 9 | 
| | cO | " " FIGUI Re. 4 The relations between: Lv 
volume index —— upper panels), L ad r 
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2 i index (vsi, lower panels) on the ordinate and enzy- | 
. matic infarct size on the abscissa. Linear regression 
: intem correlation. coefficients. and their signi- 
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: patients allocated to conventional therapy. 
P«0.001 i | : 
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‘he present analysis shows that myocardial infarc- 
eads to an increase of LV. end-diastolic volume 
cand LV end-systolic’ volume index (Figure 1) and 
ecrease of LV ejection fraction and of the ratio of 
peak-systolic pressure to LV end-systolic volume 
ox (Figure 2). Mitchell et al? found in normal dog 
rts that the Frank-Starling mechanism leads to in- 
ised LV end-diastolic volume and LV ejection frac- 





spective of the changes in LV end-diastolic 
'he presence of infarcted. myocardium is associ- 
with an increase of preload. Together with an 
hanged stroke volume, the increase of preload im- 
umented by Lamas and Pfeffer. This increased 


it LV peak-systolic pressure means that contractili- 


nd-systolic volume decreases with increasing in- 
size. Thus, the infarcted heart is faced with an 





h are both infarct size dependent. 
conclude that early recanalization of the in- 
related coronary artery leads to limitation of in- 








e. compared with conventionally treated infarc- 
nfarct size and depression of LV performance 






: thrombolysis. 








.at a constant LV end-systolic volume and that an 
'eased inotropic state leads to decreased LV end- 
olic volume and increased LV ejection fraction, 


an increase of LV end-systolic volume, as also 
nd-systolic volume together. with an almost con- 


lected by the ratio of LV peak-systolic pressure to 


ased preload anda depressed global contractility, 


ize associated with less depression of LV perfor- 


orrelated and their relation is independent 


FIGURE 3. Schematic. representation of 
average pressure-volume loops, and 
stroke Index (SI) versus LV end-diastol- 
ic volume index (LVEDVI) relations of 
132 patients allocated to conventional 
therapy (control, upper panels) and 134 
patients allocated to thrombolytic. thera- 
py (thrombolysis, lower panels) catego- 
rized into 4 groups ot enzymatic. infarct 
size, that is 600 U/liter, 601 to 1,200 
U/liter, 1,201 to 1,800 U/liter and 
21,800 U/liter. The dots In the right- 
hand panels represent the average oper- 
ating points of the hearts in that particu- 
lar infarct size category. 
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— past decade, Several schemes have been 








i 24 hours after onset of ' 
cardiac symptoms.! Recently, Hinkle and Tha- 














ed to have been due to an arrhythmia. When 








ot death. Previously describe 










due : ts tors of mortality but did not differentially predict the 
ry disease, including 5 due — 
artery bypass graft sur- al 


a T a se wa rere wa 
* : deaths, 74% — about 5 50 (60%) patients ' 





"ee rn of arrhythmic: oe 


o subclassify patients who die of atherosclerotic 
ry artery disease according to the temporal as- - 
f the terminal event. Definitions for sudden - 
death range from instantaneous death to death - 


- the location of death, time to death from onset of new - 

roposed a classification of death based on the symptoms and frequency of myocardial ischemia in - 

ion of the circulation immediately before death. — 
subject lost consciousness abruptly and the pulse - 

d without prior circulatory collapse, death was 


as { irculatory failure anc d collapse of d circu- B farction Program (MPIP) a prospective — designed | 
T 3 j 7 0 dete nostic fact it : : 


Lr — failure deaths was not different for the 

. patients who d 
AMI compared 
. -hour of new symp 

d "OM arrhythmic death but 32 (54%) of patients - 






ed within 3 months after the index- 
with later deaths. Sudden death (s 1 
' toms) was strongly associated 





died. 2 1 hour after the onset of symptoms 
id ssified as having an arrhythmic cause 
ibed risk factors, including 
stion «0.40 and > 10 ventricular pre- 
s/hour, were independent predic- 

















lents Whose deaths wore 
ho died from. an pt yihmia or  myo- 
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population. of 867 patients within 48 — after hos- 


pital discharge following an acute myocardial infarc- 


tion (AMI). The large data base acquired before hospi- - 
tal discharge permitted an analysis of factors that re- 

late to the cause and mechanism of death in 
clinically recognized 


n these — 
patients. Additional analyses were done to determi 1e 








the ter minal , event. 


i Methods 


Patients were enrolled in the Multicenter Post Tii È 





































. Arrhythmic deaths: Abrupt loss of 

consciousness and disappearance of pulse 

without prior collapse of the circulation 

1. Not preceded by pele of 
circulation . 

2. Preceded by: chronic. congestive! heart 
failure, not. disabling - 

3. Preceded by chronic congestive heart 

: failure, — 





il. Other carte death E 
“Total deaths .—— 











: were. dien ad. 1 422 imber 3 st, 1980, im Eligible pa- J 
tients were excluded from enrollment if they had other 
te r^i faraway for 
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a disease o or " bn li 
ble I 
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31). Twelve (1.4%) enrolled patients were lost 
low-up in the first year, and 34 (3.9%) were Ie 
follow. up by 48 months. | | 


éviewed each death as to location, underlying 
elapsed time between onset of acute cardiac symp 
and death and probable mechanism of death ir 
tients dying of atherosclerotic coronary artery dis 
a Each death was first classified as due to cardi: 
- other causes. Th ! 
assigned using the classification of Hinkle and Tt 
| r (Table I. An arrhythmic death was defined 
abrupt loss of consciousness and disappeara! 


» also were categorized as having an arrhythmic d 
. they were previously well, but died in bed a 
apparently during sleep. A death in circulatory fa 
was defined as collapse of the circulation befo 
appearance of the pulse. Categorization of deatl 
. to circulatory failure, as described by Hinkle and 
ler, includes failure of the peripheral circulatio 
. ated by hemorrhage, trauma, infection, stroke o 
respiratory failure. Another category is circi 
-failure primarily attributable to myocardial failu 


erg, MD; Ronald J. Krone, _ 


— failure. Deaths due to cancer, cerebrale 
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31, 1982. Followup — from 0 to 48 — 


. Mortality data: A 4-member committee m 





ie cardiac causes of death wer 


pulse without prior collapse: of the circulation. P. 


of the circulatory deaths in our study were due t 




























































in. He was brought to the hospital by ambu- 
ance. Two hours later he developed transient, 
recurrent ventricular tachycardia, complete 
atrioventricular block and died. 

A patient was admitted to the hospital because of 
-prolonged chest pain. An acute myocardial in- 
_farction was documented. Six days later, just be- 
fore anticipated hospital discharge, he had re- 
current chest pain, rapidly developed pulmo- 
nary edema, went into cardiogenic shock and 
: died. 

he location of death was determined. Out of hos- 
-deaths included: deaths outside a hospital or 
ths in a nursing home, deaths of patients resuscitat- 
utside a hospital, but who never regained con- 
isness or had circulation: restored. An emergency 


ntial for resuscitation and was responsive, but re- 
tation failed and the patient died in the emergen- 


ard. If resuscitation in the emergency room re- 
d in restoration of circulation but the patient nev- 


relates to death anytime after transfer from the 
ency room. 


'osclerotic coronary artery disease. In the event of 
rdiac arrest with resuscitation but irreversible 
| death, the estimated time interval for the chro- 
-of death was recorded from the onset of acute 


ospital admission, the time from symptoms be- 


onset of symptoms to death. 
ded patients who died alone and were not found for 


S were operative. 





| the circumstances surrounding the death of 





e pain was not relieved by ame i 


death is one in which the patient arrived with the | 


gained consciousness, the death was recorded as 
ng occurred in the. emergency room. "In hospital" 


1e time between onset of acute cardiac symptoms 
cardiac death was estimated for patients dying of 


iac symptoms until cardiac arrest. When a patient 
ardiac arrest and was effectively resuscitated 
eturn of consciousness, but subsequently died. 


he initial cardiac arrest until the time the patient. on. 
pronounced dead was recorded as the interval . deaths due to myocardial failure was. the on de- — 
hirty-six deaths could not be classified. These in- 
ral days, and patients in whom multiple mecha 


all patients, a narrative summary was written by 
nrolling nurse concerning the circumstances of- 
Autopsies were performed in 20 patients (14 To), 
e final autopsy report was made available to the 
lity Committee. The members of this committee 
mdently categorized each death according to- 
inkle and Thaler classification. Additional infor- 
on was requested if the clinical data submitted 
-not adequate to determine the mechanism of 
presence of ischemia or time from onset of new 
toms to death. The committee then met and dis- 


he 144 patients. An atompt w was made dcin 





vote was decisive. When there v was tota disag 
among all 4 reviewers, the chairman determined the - 
classification. There was complete agreement on the 
mechanism of death in 95% of the cases. In 4%, there 
was agreement among 3 of 4 reviewers and in 1% 
there was a 2/2 split decision. There was excellent 
agreement as to evidence of myocardial ischemia in 
the terminal event. There was complete agreement | 


regarding the presence or absence of ischemia in 98% — 
of the witnessed cardiac deaths and a split decision i in 


295. 
Statistical methods: The — of association be- 


tween binary variables was measured by the odds ra- 


tio adjusted for small numbers and tested for signifi- 


cance by the continuity-corrected chi-square statistic.5 


Kaplan-Meier survival curves were used to sum- 


 marize the survival experience of the patients in the 


study.6 The survival curves for 2 independent groups - 
were compared using the log rank chi-square test with . 
1 degree of freedom.’ Piecewise exponential survival- 
models were fitted to the Kaplan-Meier curves’; the 
parameters of these models were estimated using the 
method of maximum likelihood." 

The hazard rate is the fundamental mathematical 


function in survivorship analysis. 7? The hazard rate ata - 


specified follow-up time is proportional to the proba- 
bility that a patient who survived at least to that time 
will die soon thereafter. The hazard rate is definable 
for death due to all causes as well as for death due to 
each of a number of specific causes. If the causes are 
mutually exclusive and exhaustive, the hazard rate for 
death from all causes is equal to the sum of the cause- 


specific hazard rates. 


The method of survivorship analysis ` we used der 
estimating the independent effects of each of several . 
predictor variables on arrhythmic deaths and on . 






scribed by Cox.? The hazard rate is assumed in Cox's 
model to be proportional to the exponential function 


exp (cBiXi), where B; is the regression coefficent and X; - 


is the value of the predictor variable. Values of the 


regression coefficients are assumed to remain constant 


over time, and each exp(Bi) i is interpretable as a rela- 


tive risk for variable i: exp(B;) is the ratio of hazard — 
rates for patients with values of X, 1 unit apart, holding - 
all other variables constant. A 95% confidence inter- _ 
val was constructed for each relative risk by taking | 





antilogarithms of B; — 1.96se(B;] and B; + 1. 96 se(Bi, 
where se(B;} is the standard error of the estimatec coef- — 
ficient. The statistical significance of the difference - 





between the relative risks for a risk predictor in 2- 


groups was assessed by referring Z, the difference be- 


tween the log relative risks divided by the standard - 


error of the difference, to the standard normal distri- . 
bution. The standard error of the difference was calcu I 

S^4 827, where 84 and S. are th ' sta 
coeffici ents. The P2L BMD 
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>i 32 
<24 56 
>a = 2 
— eee. 548 . 
*p«001. 
tp «0.001. 


d total. = zm -104 patients.. Time from. onset of Symptoms to death. due to archythmia or r myocardial failure was 
undetermined i in. 4 5 patients: 1 was in Hinkle/Thaler class |-1 and 3 were in class i3. 






né eaths duet tos a —— cause were reanalyzed 


failure were those we had e: 


cally significant and independent predictors of mortal- 


-ity in these same patients. These predictors: were cod- 
| lation to mortality.34 Left 

. ventricular ejection fraction was coded on a 4-interval | 
y scale: dichotomi 20 to — 30 to — and. 4076. , Rales : 


-ed in accordance with their re 





mE J Mechanism of death: Dur dns 
Ah 31 | months, a total of 44 | { 









fica on, 


d yng ofa thas T ns TI a rhythr amic d 
-occurred ring sleep. The 80 — | 
: a umic quall 












pupsiment of priscos 


" heart failure (class I-2) in another 26 cases (32. 575) and 

by chronic disabling congestive failure (class I-3) in 28 
. cases (357). Thus, 82 of the patients died from myocar- 
. dial failure (class II, n = 28) or had chronic congestive 


a failure. Tero 1-2 and r8, n= = PA) before incu 


Myocardial 
Fallure 


1 45 
; 
5 p 25.1 22.4 
12 68 : 
a * 3.6 7.8 
28 104? 


; there were either multiple causes or the cause 
( not be determined. 1 


as cardiac death: 


aatan predit and ond lied for the — 3 
T found to be statisti- deaths was not different for the patients who 
within 3 months after the index AMI compared 


| "latet. deaths. 


. outside the. hospital, 5 in the emergency room and 
-the hospital. Those p 

after hospital discharge for their index infarctio 
s similar proportion of out of hospital deaths as 
n who died after 6 months.. | 


> time between the onset of acute symptoms and 
" / "was recorded as X1 hour in 44 patients who | 
| arrhythmic death (including 7 who died in thei 
and in only 1 whose death was due to myo 

. failure (Table II). Of these 45 patients, 29 died in 
neously, i.e., within moments of their usual s 
health. In patients who died >1 hour after the o 


ific rant 3 times 
hs — — as symptoms to death was. 1 hour, nearly 98% 
- deaths were classified as arrhythmic; if that tim: 


. 71 hour, 54% of the deaths were classified as arr 


. jin24 hours (including: patients who died in their 
7 y. 96 (82%) were due to an arrhythmic mechanism 
.36 patients who died more than 24 hours after th 


lass rey in “26 ated iy. 
, of symptoms, 20 (56%) experienced an arrh 


(32.5%): it was preceded by nor disabling congestive 


between the onset of acute symptoms and d 
taken as the criterion for sudden death, the odc 
tio associating sudden versus nonsudden death 
death due to an arrhythmia versus myocardia 
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rhage and 3 to cerebral vascülar accident. In 1 





'he 5 deaths due to compli 
of coronary artery bypass graft surgery were 
. Thus, 79% (113 of 144) of th 
would be classified as due. to cardiac causes 

The ratio of arrhythmic to myocardial. 





Location. of death: of the 108 deaths. attrib 
an arrhythmia or to myocardial failure, 56 oc 


Time to death after . onset of acute symptom 


symptoms, 32 died an arrhythmic death and 27 d: 
myocardial failure. Thus, if the time from o 


mic (chi-square = 22.4, d.f. = 1, p 0.001). 
Among the 68 deaths categorized as occurrin 


death (c hi-square = 7.3, df. = 1, p «0.01). If 1 












is. 25. Using He 24- hour cut-off, the odds ratio 









Hinkle-Thaler Category 





— deaths 





` Not preceded by impairment 11/18 61 
. of circulation 
2. Preceded by chronic congestive heart 13/18 72 
. failure, not disabling 

3. Preceded by chronic congestive heart 9/21 43 

. failure, disabling 
Deaths due to myocardial failure 17/27 63 
witnessed deaths due to arrhythmia 50/84 60 


nyocardial failure 






































umber of deaths with ischemia/total number of witnessed deaths in 


ptoms of myocardial ischemia preceded the termi- 
ent in 33 of the 57 patients (58%) with a wit- 
.arrhythmic death and in 17 of the 27 patients 
whose witnessed death was due to myocardial 
(Table III). O Overall, myocardial ischemia pre- 
the terminal event in 60% of the witnessed car- 
eaths. The prevalence of myocardial ischemia in 
minal event was about the same in all subcate- 
s of the Hinkle-Thaler classification, and was 


ths of follow-up as in those who died later during 


h e prevalence of myocardial ischemia before the 
inal event is contrasted with the percentages of 
ents who reported having experienced angina pec- 
during the time intervals preceding each of the 
rs prescribed times of contact during follow-up 
le IV). The incidence of reported angina was 
atest during the first 3 months of follow-up: 50% of 
atients contacted for the 3-month evaluation re- 
having experienced angina at least once since 
arge from the index hospitalization. The inci- 
e rate dropped to 41% for the next 3-month inter- 
and remained at about that level thereafter. 

e occurrence of angina early after AMI was nota 
ity predictor. Angina occurring 6 months or 
after myocardial infarction was associated with 
uent cardiac mortality (arrhythmic deaths and 
hs due to myocardial failure combined) (Table 
The nonsignificance of the first log rank chi- 
re statistic—for the association between angina 
rring during the period from discharge from the 
nary care unit until discharge from the hospital 
subsequent mortality from cardiac causes—con- 
and extends a similar finding reported earlier. 
ccurrence of angina during the first 3 months 
ischarge from the hospital also fails to be predic- 
subsequent cardiac mortality. The occurrence 
ina during the second 3-month follow-up inter- 
her of th n however, and its occurrence 
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Follow-up: 















t the same in patients who died within the first 6 


eet a a e col peel incepen a predictor. 





| incidence and Assoc 
Mortality | 





Time of Contact No. (%) with Angina ^ Log Rank 





(months) No. Since Last Contact Chi-square* 
Predischarge 848 282 (3396) 0.46 
3 793 400 (5096) Q.17 
6 772 316 (41%) 7.491 
12 735 328 (4596) 8.117 
24 592 245 (41%) 3.991 





* For testing association between occurrence of angina and subsequent 
cardiac mortality. 

Tp «0.05. 

tp «0.01. 


and arrhythmic deaths (Figure 1). The 6-month Kap- 
lan-Meier all-cause mortality rate was 7%; the rates at 
1, 2 and 3 years were 9%, 12% and 17%. Within each 
time interval, the ratio of arrhythmic deaths to the 
number due to myocardial failure was close to the 
overall ratio of 3. | 

For all-cause mortality as well as for both of the 
specific causes, the probability of survival dropped 
relatively sharply during the first 6 months after dis- 
charge from the coronary care unit and then declined 
ata more modest rate (Figure 1). A piecewise exponen- 





tial model? with 1 constant hazard rate operating dur- 


ing the first 6 months of follow-up and another operat- 
ing later, fit all 3 survival curves well. That is, the 
probability of surviving at least m months was approxi- 
mately exp(—mhi) for m <6 and exp(—-6h,—(m-—6]h;) 
for m >6, where h; is the hazard rate for the first 6 
months of follow-up and h; is the hazard rate for the 
remainder of the follow-up period. 

Table V compares the Kaplan-Meier survival prob- 
abilities with the estimates obtained by fitting a piece- . 
wise exponential survival model with 2 hazard rates, - 
an "early" one, hi, and a “late” one, hz. The agreement — 
between the Kaplan-Meier probabilities and the esti- ` 


mates from the model is excellent for each of the 3 


categories of death. Each "early" hazard rate was be- 
tween 2.7 and 3.7 times the corresponding "late" haz- 
ard rate and the pair of hazard rates for arrhythmic 
death were approximately 3 times as great as the pair 
for death due to myocardial failure. 

Risk predictors for cardiac mechanisms of death: 


The risk factors of ejection fraction, rales, New York - 


Heart Association functional class and ventricular - 
premature complex frequency were all predictors of- 


cardiac death.?4 The 3 risk predictors indicative of left - 


ventricular dysfunction made significant, indepen- 
dent contributions to the Cox model for predicting - 
both an arrhythmic cause of death and death due to 
myocardial failure (each confidence interval had a 
lower limit at least equal to 1.0) (Table VI). The fre- 
quency of ventricular premature complexes was by — 


















































cussion 


_ This is the first application of the Hinkle and Thaler 
- classification to a post-AMI population to categorize 
. the mechanism of death as well as to determine the 
- prevalence of ischemia in the terminal event. Previous 
. studies have attempted to obtain insights into the 








mechanism of cardiac deaths after AMI by noting the 
time from onset of new. symptoms. to death. Sudden 





-death implies an arrhythm 
- defined as instantaneous,!! <1 hour,!243 <2 hour! or 












udden death i is death x 


- patients who died: th LOU ' categorized as dying 
of this mechanism, Of the 59 deaths that occurred after 
2 hour from. the onset of new sym 






7 definition ¢ of an — ted to 1 ue — Hinkle-Tha- 









ttt at thin 1 hour is W ie ger m may oc- 
i n hae after onset of ‘symptoms y was s also 
d by Hinkle- Thaler 1 

Y X7. X Lm - 743 







"quen designated from medical records 
criteria considered to place them at high risk for aude 
den death. Of the 142 deaths, 35% classified as due to 





-an arrhythmia occurred 71 hour after the onset of- 
symptoms. This figure is similar. to that found i in the | 


1.00 ri 
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FIGURE 1. Percent survival from the time of hospital : 
discharge through the end of the third year. The haz- - 
_ ard rate was greater in the first 6 months than for the _ 
remainder of the follow-up period. The number of pa- - 
tients alive and in follow-up were: 0 years, 867; Tyear, | 
t fma 2 years, 704; and 3 years, 314. 
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| " Pjecewise Expobédila PE)* E climates of Surviv 


nic mechanism and has been | 


. 24 hours. The most frequently used definition of 
our. Using the classifica- 
— Hinkle bod Thaler, we found that 
rithin r of onset o of new symptoms is likely . 
98% (44 of 45) of the 


symptoms, 32 (54%) were _ 
mic. As previously noted, the 
present — — 42% (82: of 76) of deaths: 


"whether we should continue to use “sudden de 

. aprimary endpoint i in clinical trials or in epider 
ic studies since the prevalence of arrhythmic 

. may be grossly underestimated using the conve 
- classification of sudden death. Alternatively, the 
- kle-Thaler classification may be preferable to i 
. mechanisms of. cardiac death as was done in thi 
sent study. 


id ae pim d — Ron 
deaths ccurred among 333 employed 


cy of ventricular. premature complexes or c 





with All-Cause Mortality, with Arrhythmic Deaths and 
Due to Myocardial Failure : 


All-Cause Mortality! Arrhythmic Deaths! 
Time 


(months) K-M PE K-M PE 





` 0.957 


24 


6 0.932 0.931 i 
9 0.922 0.920 0.953 0.951 0.986 
12 0.911 0.910 0.944 0.945 0.986 
18 0.898 0.889 0.938 0.934 6.980 
o. gen . 0.924 0.923 0.978 


* The estimated probability dfi surviving at least; m months is xpi 
<6 and is exp(—6h, -—4m--6)h2) for m 76, where h, is the maximum 
estimate of the hazard rate for the first. 6 months of follow-up : 
maximum likelihood estimate o the hazard. rate for the: rema 
follow-up. - 

T For all-cause: mortality, hs = 0. 0119 and hy =.0. 0039: 

* For. arrhythmic deaths, hy = 0. 0074 and he = 0.0020. | 

§ For deaths due to myocardial failure, bx = 0. 0022 and m= 


rized as arrhythmic occurred >1 hour after o 
new symptoms (Table 11). 

Provided that these data accurately reflacte 
true mechanisms of death, the implications of the 
ings just described include the need to reex: 





It would be logical: to postulate that a high. fr 


ventricular ectopic activi "dee observed duringam 


Deaths due to Myocarc 












| Arrhythmic (n = 71* 

| Relative 
Risk Predictor! . Risk interval 
Ejection fraction 1.9 
Rales 2.1 
NYHA class _ 17 
VPC frequency. 1.4 


1.5, 2.4 
1.2, 3.5 
1.0, 2.9 
1.1, 1.8 





were due to myocardial failure. - 
* Test statistic for comparing the 2 relative risks. 
NYHA C 

complex frequency: — 


lectrocardiographic recordings after myocardial 


This hypothesis is supported by the findings of 
man et al,’ who found that the presence of com- 
remature ventricular events {R on T, runs of 22, 


) during 1 hour of electrocardiographic record- 
was associated with a risk of sudden coronary 
th 3 times that of men free of complex ventricular 
vic activity. In the study by Ruberman et al, the 
ocardiographic recording was done within 8 
s of the index AMI in 80% of the patients. Sud- 
ardiac death. was defined as occurring within 
es of a patient's usual state of health and in the 
ce of any signs or symptoms of a new AMI. This 
ition is synonymous with instantaneous death in 








vent. Another large multicenter study in which 


icenter Investigation of the Limitation of Infarct 
Trial (MILIS)." Of the variables obtained before 
arge from the hospital, ventricular premature 







at study, sudden death was defined as death with- 


rhythmic deaths after recurrent AMI. Moss et ali? 






ic activity was associated with a significantly in- 
ased death rate, but the frequency and complexity 
e ventricular premature complexes did not dis- 


nate between sudden and nonsudden death. | 








y of the ventricul r premature complexes, repet- 






Using patients with no ventricular premature 
lexes as the control group, they showed that the 


ent premature 





9596 Confidence 


* Risk predictor measurements were missing in 9 patients whose deaths were arrhythmic and in 4 whose deaths - 


t See text for precise definitions of the risk predictors. 


tion may be predictive of an arrhythmic mode of | 


orm or bigeminal ventricular premature com- 


ient who did not have ischemia before the termi- _ 


factors for sudden death were assessed was the _ 


exes 210/hour in a 24-hour electrocardiograph- - 
cording made 10 days after AMI had the most - 
ficant association with subsequent sudden death. - 


hour of onset of symptoms and included patients - 
were found dead in bed. This MILIS trial exclud- — 


‘riedman et al'® found that complex ventricular 


ss of ventricular premature complexes and 2- _ 
iortality after AMI from the same MPIP data 


io for arrhythmic death increased from 1.7 in 


ocardial Failure (n= 2 4*) y — 
Relative — 9556 Confidence 
Risk Interval jt 

























1.6 | 1.0, 2.4 0.7 
3.3 | 1.4, 7.7 
2.6 1.1, 6.0 
13 0.8, 2.0 0.4 





ass = New York Heart Association functional classification; VPC frequency = ventricular premature 























mortalit distribution d during the fir 
Am : Cardiol 1 1983; 32: 240-244. 


n1 man LM, Byingto ir : ! 
Effect of propranolol in patients y with — —— erp trie 








oothesis that — with technetium- - 
pho sphate (Tc-99m-PPi) are positive — 
ned — after Successful thrombolytic 


S with h AMI who recelved throm- | 


dm after the onset of 
tients were included E 


' contiguous elec — leads. All 
its ‘received 1. 5 million. IU of streptokinase in- 
nously, a mean of 195 + 99 minutes after on- 
f chest pain. Tc-99m-PPi scans and coronary 
angiograms were recorded | 491 + 156 minutes 


518 + 202 minutes, respectively, after the on- 








ombolytic therapy with intravenous or intracoro- 
streptokinase has been shown to be effective in 
oring infarct-related coronary artery patency in 


sociated with a small but significant improvement 
rvival.-* Intravenous administration of thrombo- 
agents offers practical advantages over the intra- 
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set of symptoms. Effective reperfusion was present 
in 10 patients, 6 of whom had positive Tc-99m-PPi 
Scans (ser sitivity of 60% to detect reperfu ion). Of 
iis without effective reperfusion, 3 had 
sitive Tc-99m-PPi scans (specificity of 5096, p 
0. 0.08). Analysis ; of the data using various defini- 
ve sion or artery patency yield- 














ed similar results. Thus, our findings indicate that. 


early AMI scanning with Tc-99m-PPi does not accu- 
ence of reperfusion 
is with AMI after treatment with avons | 
streptokinase. At this time, coronary cine: ingiogra- - 
phy is the only reliable method to detect rep rfusi 









promptly after thrombolytic therapy. 


(Am J Cardiol 1988;61:16-20) - 


coronary route. Currently, patients who receive intra- 
venous streptokinase usually undergo coronary cine- | 
angiography to establish the presence or absence of - 
reperfusion of the infarct-related artery, Since pa- 
tients without coronary artery recanalization are often 
not candidates for further therapy (such as angio- - 
plasty), the need exists for a noninvasive means to - 
detect reperfusion accurately. Earlier studies?19 and | 
recent clinical experience! have suggested that a pos- 

itive technetium-99m stannous pyrophosphate (Tc- 


.99m-PPi) scan early after the acute event could be 


used as a marker of reperfusion. Accordingly, this 
study was designed to determine the accuracy of this 
test to predict: reper fusion | in patients with AMI receiv- | 







n tes, ^ was not vel by — glyceryl 
itrate and was associated with at least 0.2 mV ST- 
segment elevation in 2 or more electrocardiographic 
leads exploring the same myocardial region. Patients 
"were excluded if they had contraindications to throm- 
bolytic therapy, myocardial infarction within 3 months 
or other diseases likely to limit prognosis. This study 
was approved by our institutional ethics review board, 
and a written informed consent was obtained from 
each participant. 





Study design: After admission: into the study, pa- 


-tients were premedicated intravenously with 50 mg of 
diphenhydramine and 1 g of methylprednisolone. In- 
travenous streptokinase 250,000 IU was then adminis- 
tered over 5 to 10 minutes, followed by 1.25 million IU 





sequently infused ata rate of 1, 000 IU/hour with the 
dose being adjusted to maintain the activated partial 
thromboplastin time at approximately twice the con- 
trol value. Patients in whom coronary artery patency 
was restored received oral anticoagulants for 3 months 
after hospital discharge. | 
Cardiac catheterization was performed within 18 
hours after the onset of chest pain. Thirty minutes to 3 
hours after the streptokinase infusion was completed, 
patients received 25 mCi of Tc-99m-PPi with myocar- 
di | images. being recorded 2 to 4 hours later using 
ard equipment and techniques," in the anterior, 
erior oblique and left lateral projections. 
is: Coronary cineangiograms were ana- 
le experienced observer blinded to all 
2 electrocardiographic localization of 















a percent of adjacent segments, determined with the 
aid of calipers on drawings made using magnified (3 
times] projections. The drawings were performed by 
visualassessment on the projected images. In addition, 
distal coronary flow was defined in each case by visual 
assessment as good (distal filling was as prompt as in 
normal vessels) or poor (distal filling was delayed or 
incomplete compared with normal arteries). For pur- 

- poses of this investigation, effective reperfusion was 
defined as patency of the infarct-related coronary ar- 
tery with stenosis < 90% and good distal flow. Ineffec- 
tive reperfusion was defined as residual stenosis 
>90% or poor distal flow. | 

Two blinded experienced observers interpreted all 
AMI scans independently. Discrepancies were re- 
solved by consensus. Standard criteria were used to 
interpret the scan results as negative or positive.1213 

Radiotracer uptake of the positive scans were further 
defined as localized or diffuse, with the intensity being 
me from 1+ to 4+ using criteria described by Wil- 















‘negative test is true negatives divided by al 


sidual diameter stenosis was measured as - | 
was not attained, that i is, Silica of 50%. T 


in detecting patients in whom coronary artery pa 


the data using other. previously used angiogr 


positivity. 


distal to the obstruction, and absent if the infarct- 


without. reperfusion, that i is, S ecificity 50 







| posi 
ded by all positive tests. "Predi | 























































tests. Efficiency of Tc-99m-PPi scans is true | 
plus true negatives divided by total populatio 


Results 


Complete data collection was obtained in 1 
consecutive patients treated with intravenous. 8 
kinase. Two patients did not consent to be invo 
the study. There were 12 men and 4 women, 
mean age of 59 + 11 years (+ standard deviati 
reference to onset of symptoms, streptokinase w 
ministered after a mean of 195 + 99 minutes (ra 
to 310], coronary cineangiography after 518 + 20 
utes (range 285 to 1,075) and AMI imaging after 
156 minutes (range 340 to 760). The infarct-relatec 
onary artery was the left anterior descending i 
tients, the left circumflex in 5 patients and the 
coronary artery in 7 patients. 

Angiographic results: Effective reperfusion 
ready defined, was attained in 10 patients. - 
group, the infarct-related vessel was the left an 
descending in 2 patients, the left circumflex in 
tients and the right coronary artery in 5 patients. E 
tive reperfusion was not achieved in 6 patients 
1). f u 
Technetium-99m stannous pyrophosphate 
ac imaging: A positive scan, defined as showin, 
degree of myocardial tracer uptake (includin; 
classified as showing 1+ to 4+ intensity), was | 
in9 patients. A positive scan was present in 6 o 
patients in whom een RD was acl 
that is, sensitivi 


predictive value of an early positive Tc-99m-P 


has been achieved with intravenous streptokinas 
67%, whereas the predictive value of a negative t 
detecting ineffective. reperfusion was 43%. The 
ciency of Tc-99m-PPi i imaging was 56% (p = 0.8). 
vidual results are shown in Table I and examp 
the poor performance of Tc-99m-PPi scans in pri 
ing reperfusion are illustrated in Figures 1 and 

Additional analyses: In an attempt to explai 
failure to confirm previous reports, we analy 


and scintigraphic criteria of vessel patency and s 


First, coronary artery reperfusion was conside 
to be present if any degree of flow could be det 


ed coronary artery was completely occluded. ` 
these definitions, reperfusion was present in 1 
tients and absent in 2 patients. Positive Tc-9: 
scans were present in 8 of the 14 patients with rer 
sion, that is, sensitivity 57%, and in 1 of the 2 











% Diameter 
Age Affected Stenosis IV STKT Time to Time to Tc-99m-PPi 
No. (yr) Artery (Distal Flow) (min) CC (min) Scan (min) Scan 
46 LAD 9096(G) 300 665 580 4 
62 Right 75 %(G) 300 530 410 1+ 
78 Right 75 %(G) 130 285 340 0 
51 LAD 90 %(G) 110 630 395 2t,L 
58 LC 7596 (G) 300 390 365 0 
67 Right 90% (G) 120 420 2+, L 
75 .— Right 9096(G) 125 340 0 
70 | Right 9096 (Q) 70 415 2t,L 
62. LC 7596(G) 120 525 395 1+,D 
52 LC 75 %(G) 120 380 425 0 
67 Right 9996(P) 305 1075 750 0 
49 LC 10096 (-) 140 390 720 34,L 
49 LC 9996(P) - 310 800 760 0 
63 Right 9996(P) -3800 555 425 0 
41 LAD 10096(-) 300 390 720 tt,D 
61 LAD 99 % (P) 75 480 400 3+, L 
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s Effective reperfusion of the infarct-related coronary artery was restored in 10 patients (1 to 10) and effective 
reperfusion was not achieved in 6 patients (11 to 16). 
2 ! Times of procedures are noted relative to onset of chest pain. 


CC = cardiac catheterization; D = diffuse; G = good; IV = intravenous; L = localized; LAD = left ante dor 
descending coronary artery; LC = left circumflex coronary artery; P = poor; Right = right coronary artery; STK = 
streptokinase; Tc-89m-PPi = technetium-99m stannous pyrophosphate; — = distal flow absent. 





econd, coronary cineangiograms were reanalyzed 40%, specificity was 67%, positive and negative pre- 
ude the degree of perfusion of the infarct-relat- dictive values were 75% and 40%, respectively, and 
rtery, using the Thrombolysis in Myocardial In- the efficiency was 50% (p = 0.6]. When using the 2 
on Trial criteria described by Williams et al,4 ^ additional sets of angiographic criteria described, the 
grade 0 (no perfusion) to grade 3 (complete perfu- sensitivity of Tc-99m-PPi scans to detect reperfusion 
Using this grading system, grades 2 and 3reflect- was 43%, specificity was 100%, positive predictive 
eperfusion to be present and grades 0 and 1 de- value was 100%, negative predictive value was 20% 
lack of reperfusion. With these criteria, an early and the efficiency was 50% (p = 0.8). 
positive Tc-99m-PPi scan was 57% sensitive and 5076 — ,.  , 
ific for the detection of reperfusion (p 0.7]. Discu Sion | a d 
inally, since diffuse uptake of 1+ intensity may A reliable noninvasive means is needed to detect 
often represent blood pool activity and not necessarily promptly and accurately effective reperfusion in pa- 
yocardial uptake, the data were reanalyzed with tients with AMI who receive thrombolytic agents. 
y those scans with 2+ to 4+ uptake being consid- Such patients may have salvaged myocardium that re- 
positive. Those with no uptake or 1+ activity were mains at risk and should be considered for further 
sidered negative. Under these circumstances and — revascularization procedures, such as angioplasty or 
ng the angiographic criteria described in the meth- ^ aortocoronary bypass surgery.!*16 Those patients in 
ds section to define effective reperfusion, the sensi- | whom thrombolytic therapy has not resulted in effec- 
vity of Tc-99m-PPi imaging to detect reperfusion was — tive reperfusion have “completed” infarcts so that fur- 




















FIGURE 1. Coronary angiogram (75° left anterior 
oblique view, lett panel) and early technetium- 
99m stannous pyrophosphate scan {anterior view, — l 
right panel) in a patient with acute myocardial. 
infarction in whom effective reperfusion occurred 
after intravenous streptokinase. A 75% residual 
stenosis (arrow) of the infarct-related coronary 
artery (left circumflex) with good distal filling was. 
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ther investigation or intervention may not be indicat- 
ed. An early positive Tc-99m-PPi scan after AMI has 
been reported to be a sensitive marker of successful 
reperfusion after thrombolytic therapy.!! Contrary to 
previously published data, however, our results indi- 
cate that an early positive Tc-99m-PPi scan is not an 
accurate means to determine the status of flow in the 
infarct-related vessel. 

That an "early" positive Tc-99m-PPi scan (within 
12 hours of initial symptoms) might serve as a marker 
of coronary artery reperfusion was first suggested by 
the experiments of Parkey et al.9!? They reported that 
Tc-99m-PPi images become positive within 1 to 2 
hours of reperfusion after temporary coronary occlu- 
sion. Schofer et al” administered intracoronary Tc- 
99m-PPi to 25 patients with AMI treated with intracor- 
onary streptokinase; their data further suggested that 
early Tc-99m-PPi imaging could detect reperfusion. In 
all 17 patients with a patent infarct-related vessel the 
Tc-99m-PPi scan was positive, whereas all 8 patients 
without reperfusion had negative scans, that is, sensi- 
tivity and specificity were both 1007». Recently, 
Wheelan et al!! concluded that early Tc-99m-PPi im- 
aging is useful in detecting reperfusion by studying 14 
patients with AMI treated with intravenous streptoki- 
nase. Three patients did not have coronary cineangi- 
ography. Of the 11 patients in whom coronary anatomy 
was known, reperfusion was present in 8 patients and 
absent in the remaining 3. All 11 patients had positive 
Tc-99m-PPi images, that is, sensitivity 100%, specific- 
ity 0%. However, if only strongly positive scans (3+ 
and 4+ uptake) were considered indicative of reperfu- 
sion, Tc-99m-PPi scans correctly predicted the pres- 
ence or absence of reperfusion in 10 of the 11 patients, 
that is, sensitivity 100%, specificity 66% and efficiency 
91% .11 

The results of the present study are in disagreement 
with the results of those earlier investigations. The 
discrepancy could well be explained by the failure of 
Wheelan et al to include acute cardiac catheterization 
data. They performed coronary cineangiography an 
average of 15 days after AMI, a time that does not 
allow for accurate definition of early reperfusion; in 
this interval, occluded arteries may undergo spontane- 
ous recanalization!? and initially patent vessels may 
reocclude. Indeed, reinfarction (reocclusion) in the 


FIGURE 2. Coronary angiogram (left lateral view, 
left panel) and early technetium-99m stannous py- 
rophosphate scan (anterior view, right panel) in a 
patient with acute myocardial infarction in whom 
effective reperfusion was not present after intrave- 
nous streptokinase. The infarct-related coronary 
artery (left circumflex) was totally occluded (ar- 
row) and the scan was strongly positive (3+, 
. localized). 








Dn 
same coronary artery distribution occurs within a few. n 
days of successful thrombolytic therapy in up to 10 wa 
25% of patients.519 

More recently, Kondo et al?? studied 29 patients] : 
treated with intracoronary urokinase and concluded . 
that the sensitivity, specificity and predictive accuracy — 
of positive scans in predicting reperfusion were 73, 100 — 
and 90%, respectively. Although they concluded that — 
all patients with positive scans (19 of 29) had "good | J 
reperfusion”, in fact, residual coronary artery stenosis 
of the infarct-related vessel was 99% in 3 patients and ~ 
was not known in 4 patients. If these factors are taken 3 
into consideration, the results of Kondo et al are more - 
similar to those of the present study. 

Strongly positive Tc-99m-PPi (3+ and 4+) were > 
present in 3 of 16 patients in our study, in 7 of 29 
patients studied by Kondo et al?? and in 10 of 14 pa- 
tients in the study of Wheelan et al.!! We are unable to 3 
explain these differences, since Tc-99m-PPi scans — 
were recorded at similar times (8.2 + 2.5, 5.7 + 1.2 A 
7 + 2 hours, respectively) after the onset of chest pain. — 

The definition of successful reperfusion after ther- — 
apy with thrombolytic agents has evolved since their 
initial use. In early studies reperfusion was defined as - 
any degree of coronary artery patency seen angio- 
graphically. More recently, the concept of “effective |. 
reperfusion” has been introduced, ^?! recognizing that | 
myocardial salvage may only occur if restoration of — 
blood flow is adequate. Minimal degree of recanaliza- - 
tion may render the vessel patent, but blood flow may © 
not be sufficient to result in salvage of ischemic myo- — 
cardium. We, therefore, used a variety of angiographic | 
criteria to define reperfusion. Regardless of the defini- ^ 
tion used, however, our data suggest that early Tc- | 
99m-PPi imaging may not be as reliable as previously © 
reported for the prediction of effective or ineffective 
reperfusion after thrombolytic therapy. Possible limi- — 
tations of this study include the relatively small num- - 
ber of patients and the fact that we used planar, and | 
not tomographic, Tc-99m-PPi images. 
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€ ECOTRIN to plain, buffered, and highly 


ECOTRIN is aspirin- 
and it’s the brand recom- 
mended by cardiologists 



























more often than Bayer* inhibits buffered aspirin in protecting the 
aspirin for long-term platelet stomach in a regimen of 4 g a day.’ 
gø daily use, to aggregation à ECOTRIN, the “chronic-use” 
protect patients to the same | 


with unstable degree as plain 


V — aspirin, mini- 
E | . mizes the 
a. gastric dam- 


angina, TIA, * ^ aspirin. Daily use 
or history of of ECOTRIN offers age often 
myocardial important cardioprotective associated 
infarction.’ benefits—with far less risk of with other 
‘Bayer iea feieteted the gastric distress caused by forms of 
— ————— plain aspirin. aspirin 
because 
ECOTRIN 
l is released 
ECOTRIN is released not in the 


not in the stomach but in 


the duodenum. stomach but in 


the duodenum. 
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Safety-Coated Aspirin 325 mg and 500 mg Tablets 


The cardioprotective 
stomach-sparing aspirin. 


References: 1. National audit of physician practices; 

data on file, SmithKline Consumer Products, a SmithKline 
Products Beckman Company. 2. Faigel DJ, Jakubowski JA, 

Stampfer MJ, et al: Multiple doses of regular and enteric- 

coated aspirin produce equivalent platelet inhibitory effects. 

Curr Ther Res 1986; 39:519-527. 3. Data on file, SmithKline 
JAM-2071 Consumer Products, a SmithKline Beckman Company. 
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CONTRAINDICATIONS: None known 
INGS: Syncope and "First-dose" Effect: Teratosin, fike other aiphe-adrenergic blocking agents, can 
marked hypotension, — postural doeet, and syncope in association wath bi irst dose 
few doses. A similar may occur if therapy is interrupted for more then a few doses. Syncope 
en nre kes tee agents in association with rapid dosage increases 
pert rug. Sy Tay be due to an excessive pastural hypotensive 
e syncopal episode has been preceded by severe supraventricular tachycardia 
ikelihood ef s or excessive hypotension, always initiate treatment with a 1 
mg and Smg tablets art not indicated as initial y. Increase d dosage slowly, 
— taution. Caution patients to avoid situations where injury could 
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PRECAUTIONS: Generasi: Orthastatic Hypotession; While syncope is the most severe orthesiatic effect of 
terazosin, other symptoms of lowered BP, such as dizziness, lightheadedness and palpitations. are more conmon, 
Scouting in ZB% of patients. in clinical trials. Patients with occupations in which such events represent potential 
problems should be treated with particular caution. 
information for Patients. Maka aware of oasibility of syntapal and orthostatic symptoms, especially at initiation 
ot therapy, and to avoid driving ar hazardous tasks lor 12 hrs, after the first dose, after a dosage increase. and 
alter interruption of therapy when treatment is resumed. Caution te avnid situations where huey could result 
hould syncope occur during initial therapy. Advise to siti tie down when symptoms of lowered BP occar and to 
sige — from a sitting or iying position. Bothersome dizriness, lightheadedness. or palpitations should he 
prier 1o physician. ^. a f 
Hi — that drowsiness or somnolence can secur, TeüGiing caution in people whe must drive or operate 
mochmnery. 
Laboratory Tests: Small but statistically significant decreases in hematerrit, hemoglobin, WBC, total protein and 
ibumin were observed in clinical trials. The mageltude of decreases did not wassen with time, These findings $ug- 
pat the possibility of hemodilution. 
g interactions: In controtied trials, terazosin was added to diuretics, and Several beta-adrenergic blockers: no 
uhexpected interactions were observed. Terazosin has also been usei concomitantly without interaction in at feast 
5 2 patients os the following: 1j ite age enin tatetaminoghen, aspirin, codeine, ibuprofen, inki- 
methacinh. 2) antibiotics (erythromycin, trimethoprim and suitamethnxazale} - 3) Rag ied sade fl ier ea 
 henviepheine HC, pheyigrepangkamite HEI, pseudnaphedring HC; 4) antipout (alloparinol]: 5) antihista- 
nines (chiorpheniraming}: 6) cardiovascular agents (atenolol, ^vdroch othiazide, methyclothiazide, pro- 
T. id — 8} gastrointestinal agents {antacids}: 9) hypoglycemics: 10) sedatives and tranquil 
fazegam) 
; — Mutagenesis, impairment of Fertility. HYTRIN was devoid of mutagenic potential when evaluated 
vive. and sn vitro, —— 
-HYTRIN, administered in feed to rats at doses af B, 40, and 250mg/ky/day for Z yrs, was associated with a 
fatistically rogue increase in benign adrenal menelan tumors ® male rats exposed tn the 250mo/kg dose. 
This dose is 835 X max. recommended human dose (2ümg/55ka). Female rats were unaffected. HYTRIN was not 


scapari in mice when administered in leed fnr 2 yrs. at a maximum talerated dose of S32mg/kg/day. 


The. absence of soe ped in a battery of tests, of tumorigenicity of any ; 

ssay, of increased total tumor incidence in either species, and of protiierative adrenal lesions in female rats, sug. 

gus a male rat species-specific event. Numeraus other diverse pharmaceutical and chemical compounds have 
eet associated with these tumors in male rats without supperting evidence far carcinogenicity in man. 

Effects on fertility were assessed in à standard ferti ny/raprodacthee performante study in which male and 
female rats were administered oral doses of 8. 30 and —— g/day, Four of 20 male rats given ALT and 5 
18 male rats aver 120mg/kg failed te sire a litter, Teshicular weights and morphology were unaffected. aginal 
ears at 3D and 120mg/kg/day appeared to contain less sperm than smears fram control matings and good core: 
lion wes reported between sperm count and subsequent pregnancy. : í 
rat use for 1 or 2 yrs. aficited a statistically significant increase in testicular atrophy in rats exposed to 40 and 
.50mg/kg/day. but not in rats exposed to Bmg/ko/day (> 20 X max, recommended human dose). Testicular atra- 
phy was observed in dogs dosed with 300m 3 day (> BOG X max, rezommended human dese} for 3 momhs but 
after | yr, when dosed with 20mg/kg/day. This lesion has also been seen with Minigress?. 

— Teratogenic effects: Pregnancy Category D, There are no adequate and well-controlled studies in meg- 

nant women and the safety of terazüsin in pregnancy has not heen established. HYTRIN is nat recommended during 
ad aed unless potential benefit justifies potential risk to mother and fetus. . T. 

: eratogenic effects: in a peri amd — development study ia rats, significantly more pups died in the 
tup dosed with — {> 300 X max, recommended human dose) than in the contrat group during the 


tion and treat supportively. There is evidence that the 




















































































Wenk post-partum period. 

Nursing Mothers; it is not known whether terazosin is excreted in breast milk: therefore, exercise caution when 
iminisiering terazosin to a nursing woman. 

Pediatric Use: Safety and effectiveness have not been determined, 


VERSE REACTIONS. The prevalence of adverse reactions has been ascertained fro 

udies conducted primarily in the U.S. The studies involved ance -a-day acministration of f 
in combination with other — sch agents, af doses rangi 

these studies were record 

was at least 595, where the 
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Manual of l 
Cardiac Arrhythmias 


BY EDWARD K. CHUNG, M.D., FACP, FACC. 0-91431 6-43-5, 
November 1985, appx. 324 pp., $30.00 





The eminent clinician, professor, and medical writer Dr. Edward K. 
Chung, has produced the most current “how to" manual on cardiac 
arrhythmias. The book has been formatted and edited to facilitate its 
use as a ready relerence to up-to-date material on diagnosing and 
managing arrhythmias commonly seen in daily clinical practice. Its 
purpose is not to discuss in-depth every aspect of various cardiac 
rhythm problems, but rather to provide the reader with a concise easy- 
lo-use guide. An invaluable resource for all physicians and allied 
health professionals seeking to add to their clinical knowledge of a 
complex topic without the necessity of purchasing a large general text 
on cardiology. | 


xe e 
Cardiac Arrhythmias 
Self Learning Companion Volume to 
Manual of Cardiac Arrhythmias 
BY EDWARD K. CHUNG, M.D., FA.C.P., FACC. 0-914316- 
46-X, November 1985, appx. 440 pp., $30.00 


Conceived by Dr. Chung as a companion volume to Manual of Car- 
diac Arrhythmias, this book includes 200 cases showing common 
cardiac arrhythmias frequently encountered in clinical practice. 

interpretation af the ECG training is aided by short case histories. 
The reverse side of each page gives a full analysis of the interpreta- 
tion of the tracing, enabling readers to assess their own ECG diagno- 
sis. In the majority of cases, three simultaneous ECG leads (leads V, 
i, and V.) recorded by 3-channel ECG equipment, are shown for 
accurate diagnosis. in addition to the ECG diagnosis, the pertinent 
clinical significance and therapeutic approach are included in many 
instances. 


SAVE $$ Special Offer! 
Order and pay for these books now, Manual of Cardiac 
Arrhythmias, and Cardiac Arrhythmias: Self Learning, 
and pay $50.00. In order to qualify for these savings you 
must use the order form provided and pre-pay your 
order by check or credit card. 







ORDER FORM Mail to: Yorke Medical Books j 


All Books Sent on 30 Day Approval Box C-757, Brooklyn, NY 11205 i 


Please send me the following book(s): AJCAB i 
copy(ies) MANUAL OF CARDIAC ARRHYTHMIAS $30.00 (00044) 
— — topy(ies) CARDIAC ARRHYTHMIAS: Self Learning $30.00 (00045) f 





Set) MANUAL and SELF LEARNING $50.00 (Offer good only if i 
order is prepaid by check or credit card) i 
Enclosed is my check for which includes $1.50 for han- 





dling and the appropriate sales tax if | live in CA, CT, GA, IL, MA, MI, i 
NY, OH, PA, or TX. Publisher pays postage. If | live outside the US. or | 
Canada | have included an extra $5.00 per book and have drawn my i 
check in US. dollars on a U.S. bank. 

a Please bill my OQ VISA © MasterCard J 


Card NO. ee — — Exp: Date 1 
G Please bill me plus $1.50 handling and shipping. (Orders trom the I 
US. and Canada only may be billed.) 2 
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= Name . 
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D uring the last 10 years, "Um use sof intravenous nitro- 
glycerin has become widespread in the therapy of pa- 
tients with acute myocardial infarction.'* The usual 
clinical indications for the use a 

with acute myocardial infarction are either early post- 
.. infarction angina or Jeft ventricular failure. The goals 
- of therapy are to prevent further episodes of myocardi- 















From the Cardiology Section, Department tof Medicine, thé Uni- 
versity of South Florida College of Medicine, Tampa, and Veter- 


ans Administration Hospital, Tampa, | Florida. 


. *Participating investigators are. listed ‘in the. Appendix. 
These studies were performed with. support from a grant by | 


Wyeth Laboratories, Philadelphia, Pennsylvania, and with sup- 








ns. Manuscript received May: 12, 1987; revised manuscript 
ted September 8, 1987. 


| E fect of Intravenous Isosorbide Dini trate Versus 


5 NESTON, RN, ESTEBAN LINARES, we RICHARD CONTI, 
"and PARTICIPATING INVESTIGATORS" ——- i 


i were compared : at baseline and at 6, 12, ; 18 int 


x paar artery wedge pre 
sure and increased — out tput. Iso e 
| trate required f fewer retitration piena * 


— cated by high. pulmonary artery 


rapid. develupin ant of tolerance. 5-8 This muultic 


of this agent in patients - 
patients with acute myocardial infarction ande el 


E a and to x rh left ventricular function my | 


Institutional Review Board at each of the parti 
institutions, and informed consent was obtain 


sort by the Veterans Administration and the participating insti- 
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single-blind study compares the acute and su 
(24 hour) hemodynamic effect of intravenous i 
bide dinitrate with that of intravenous nitroglyce 


pulmonary artery Meque DIRMI 


Methods 


The protocol for this. Judy was approved b 


all patients. Patients presenting to the corona 
unit with the clinical picture of acute myocardi: 
farction were evaluated and the diagnosis was 
mented by enzymatic and electrocardiographic 
ria. When. clinically indicated, bedside right 
heart catheterization was performed using a 
Ganz thermodilution catheter. Those patie: 
within 96 hours of admission had a pulmonar 
wedge. pressure z18 mm n Hg — consecutiv p 
| ag artic ár 
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ization. Calcium channel blocking drugs, 8 .- 
3 agents and digitalis were continued only if 
reviously and up to 24 hours before study entry... 
losages of these agents, however, could not be 
ed during the study. Long-term oral diuretic _ 
y was continued at the discretion of the investi- 


_however, parenteral diuretics were forbidden 
n 2 hours preceding entry to the study and 4 hours - 


entry. Baseline hemodynamic measurements in 
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| td that it was in the patient's best interest to 

r 3 cease the titration or the infusion, this clinical judg- 

titration and infusion, the ment was followed. Statistical methods used were . 

inuous hemodynamic and Fisher's exact test for 2 by 2 tables, chi-square and. 

itoring. The starting doses analysis of variance. P values of x0.05 were consid- — 
or 33 ug/min of isosor- ered statistically significant. uM NM a 
itial titration was to de-  ,» o — 

artery wedge pressure Results A or | "M" 

J tain a pulmonary artery wedge pres- — One hundred twenty-one patients were initially 

of 12 to 18 mm Hg. Patients who required maxi- ` enrolled in this study. Ten patients were excluded, 8 
allowable titration dosages of 640 ug/min of - because of protocol violation, 1 because of an uncoop- 
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slycerin or 500 ug/min of isosorbide dinitrate erative attitude and 1 because of an adverse drug reac- 
ut achieving the titration goal were considered . tion. Seventy-four patients received isosorbide dini- 
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12 (32) 
22 (59) 
18 (41) 
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Prior AMI (96) 
History of CHF (96) 
History of SH (96) 
- Killip class: 
HH) 
Il (96) 


4 (11) 
23 (62) 
10 (27) 
22 (59) 

7(19) 
11 (30) 
18 (49) 
33 (89) 
94 + 3* 

12443 

. 26 € 1 
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. 24(32) 
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CK-MB (mean + SEM) | 


: blood pressure (mm Hg); CHF = 


chronic heart failure; CO = cardiac output (liters/min); HR = heart rate (beats/ 


-+p <0.02 for difference between treatmer 








of the mean; PAWP = pulmonary artery wedge pressure (mm Hg); SH = 


systemic hypertension. 







ved nitroglycerin. Both groups of pa- 
‘ical characteristics (Table I). No 
baseline characteristics obtained by histo- 


ry, physical examination, electrocardiogram, creatine 
phosphokinase analysis or hemodynamic monitoring, 
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except for a small but significant (p «0.05) difference 


in resting heart rate. There were no statistical differ- 
ences between the treatment groups in the proportions 
of patients who received diuretics, antiarrhythmics or 
digitalis during the whole study period. - 


E “Acute effects of isosorbide dinitrate and nitroglyc- 





reached stabilization. Sixty-one (827%) of the isosor- 





"bide dinitrate-treated patients and 34 (92%) of the ni- 


troglycerin-treated patients achieved the goal pulmo- 
he mean dosage of iso- — 
rd error of the mean) at the 





-nary artery wedge pressure. T} 
sorbide dinitrate (+ standart 


time of stabilization wa 





mean titration time (from baseline to stabilization) was 
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‘nitroglycerin group (68%) who reached stabil 


of patients in both groups 


stabilization was 203 + 17 ug/min, and the. 
mean dose of nitroglycerin was 55 + 7 ug/min. The 


the 


NTG | | 93 + 3" 
BP systolic (mean + SEM) 
ISDN 
NTG — | 
PAWP (mean +: SEM) 
NTG ^— E 
) (mean + SEM) 
NTG 


125 43 
124 + 4 


26*1 
025 € 1 


5484302 4.7 3 





tp <0.05 for change from baseline. — 
change from baseline. — ==. o — 





BP = blood pressure (mm Hg); CO = cardiac output (liters/min); HR 


rate (beats/min); ISDN = intravenous isosorbide dinitrate (n = 61 
intravenous nitroglycerin (n = 34); PAWP = pulmonary artery wedge 


= 0.02) than the 9% increase observed with isos 
dinitrate. There was no change from baseline i 
rate with either medication. | CAE 

. Sustained effects of isosorbide dinitrate and 1 
glycerin: Thirty-five of the 61 patients in the. 








bide dinitrate group (57%) and 23 of the 34 


completed the 24-hour infusion period. Th 
course of changes in dose, pulmonary arter 
pressure, systolic blood pressure and cardia 
for the patients who completed the 24-hour i 
are shown in Figure 1. — E 
In the isosorbide dinitrate group, the dos 
quired to maintain the target pulmonary artery 
pressure remained essentially unchanged fror 
initial stabilization dose. In contrast, in the nitro 
in group the dosage required to maintain the 
pulmonary artery wedge pressure gradually a 
gressively increased to >2 times the initial stab 
tion dose. This increase in the nitroglycerin d 
was statistically significant (p «0.05) from 18 ho 
= Compared with baseline values, mean pul 
artery wedge pressure values were significa 
«0.05) lower throughout treatment with both a 
Although these decreases were consistently grea 
the isosorbide dinitrate group than in the nitrogly 
group from 3 to 24 hours, there were no sigi 
differences between the groups. Relative to the 
at the time of stabilization, mean pulmona 
wedge pressure in the nitroglycerin group wa 
cantly higher (p <0.05) at the 6- and 18-hour i 
In contrast, the pulmonary artery wedge pre 
the isosorbide dinitrate group remained sta 








infusion period. — 
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lization values in either treatment 


ough nitroglycerin resulted in a greater in- 
> in mean cardiac output than did isosorbide di- 
at the time of stabilization, there were no statis- 
significant differences between the treatments 
g the infusion. Mean cardiac output for both 
nent groups remained significantly (p «0.05) 
than baseline values. Compared with the stabi- 
m values, mean cardiac output was significantly 
5) higher in the isosorbide dinitrate group at 24 
ind lower in the nitroglycerin group at 18 hours. 
mean number of upward dose adjustments per 
was significantly (p «0.01] higher for the nitro- 
rin group (7.6 + 1.5) compared with that for the 
rbide dinitrate group (2.0 + 0.4). The proportion of 
nts requiring upward titration of isosorbide dini- 
was 31% compared with 59% of patients requir- 
pward titration of nitroglycerin (p = 0.02). The 
umber of downward dose adjustments per pa- 
as similar in both groups (2.9 vs 2.3). 

ents who achieved the target pulmonary artery 
e pressure in both groups remained at that level 
ghout the 24-hour infusion. Of the patients who 
i to complete the infusion, 1 in the isosorbide 
ate group did so because of mild hypotension 
1 in the nitroglycerin group did so because of 
ache, nausea and dizziness. The isosorbide dini- 
infusion in another patient was stopped because 
as treated with furosemide, a drug prohibited by 
otocol. All other patients in both groups who 
o complete the infusion did so for reasons unre- 
o treatment; the primary reason was that their 
dition improved sufficiently such that they could 
removed from the intensive care unit. 








he results of this study demonstrate that the short- 
administration of nitroglycerin or isosorbide dini- 
produced similar beneficial hemodynamic ef- 
cts in patients with acute myocardial infarction com- 
cated by left ventricular failure. This is a further 
onfirmation of previously published studies. The 
de of action of both medications appears to be ve- 
us and arterial dilation resulting in a decrease in left 
ricular filling pressure and systemic vascular re- 
nce with an increase in cardiac output and slight 
ring of systemic blood pressure. 

iotable difference between isosorbide dinitrate 
troglycerin was the apparent absence of the de- 
ment of tachyphylaxis with the use of isosorbide 
rate. Partial tachyphylaxis developed rapidly in 
tients receiving nitroglycerin, but not in the 
bide dinitrate-treated patients. Progressive in- 
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patients who received nitroglycerin than in th o 
received isosorbide dinitrate. The development o 
tachyphylaxis has been reported previously in patients 
given nitroglycerin or cutaneous nitroglycerin patch- 
es.5-8.12.13 The possibility that the loss of efficacy with 
nitroglycerin was related to differences in drug ab- 
sorption or decreased circulating drug levels is unlike- 
ly, because both agents were delivered directly to the 
systemic circulation. In addition, a recent report by 
Zimrin et al’ has documented a progressive decrease 
in the antianginal effect of nitroglycerin, despite con- 
stant plasma drug levels. The possibility that the nitro- 
glycerin-treated patients had more serious hemody- 
namic problems requiring increasing doses of medica- 
tion is also unlikely, considering that the initial clini- 
cal characteristics were similar for both groups. The 
mechanism for the loss of efficacy or the development 
of tachyphylaxis with nitroglycerin is not clear, but is 
probably related to depletion of sulfhydryl groups nec- 
essary for the conversion of nitrate to active vasodilat- 
ing compound." The response to nitrates, however, 
may be reestablished after a brief washout period 
or by the infusion of N-acetylcysteine, a sulfhydryl 
donor.!*.1 

There are no previously published studies compar- 
ing the long-term hemodynamic effects of intravenous 
infusions of isosorbide dinitrate versus nitroglycerin. 
Two studies have documented the short-term benefi- 
cial effect of isosorbide dinitrate.*!9? Rabinowitz et al? 
studied the effect of isosorbide dinitrate in 22 patients 
with chronic pump failure and 18 patients with acute 
pump failure due to acute myocardial infarction; the 
response of the latter patients was almost identical to 
that of our isosorbide dinitrate-treated patients. Al- 
though the isosorbide dinitrate infusion in Rabinowitz 
et al's study was maintained for a 24-hour period, no 
mention is made of continued hemodynamic efficacy. 
Leier et al!? compared isosorbide dinitrate with ni- 
troglycerin and sodium nitroprusside; however, the 
maintenance infusion period was only 1.5 hours. 
When used orally in patients with angina or heart fail- 
ure, isosorbide dinitrate has been demonstrated to sus- 
tain its hemodynamic and antianginal efficacy over a 
relatively long period of time.!7!5 Other investigators 
have also shown that the continued and frequent use 
of oral isosorbide dinitrate results in the attenuation of 
its hemodynamic effect after a 48-hour period.!*? 
Thus, it is possible that a prolonged infusion of isosor- 
bide dinitrate would also result in partial hemodynam- 
ic tolerance. 
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ferred for cardiac re- 

abilita atic * "ow and —— exercise training 
duces relatively similar changes in. cardiorespira- 

tory variables during the initial 3 months of ex arcise . 


raining. a 
(Am J Cardiol 1988; 61: 126-30). 


s. With training, mean 3 serene a week for 1 in- 

ed by 11% (2. 09 to 2.31 liters/min) within 

; ak group and — 14% (1. 93 to 2. 21 liters 
thir : | ». D erences 





















cise e training of survivors. Put acute myocardial fess beneficial effects, the scientific — for dis : 
tion (AMI) increases. physical work capacity? ^ assumption is based primarily on physiologic studies. 
ves psychosocial functioning?4 decreases symp- — of healthy young adults, and the level of exercise in- 
?9 and may reduce risk for subsequent death or — tensity that is optimal for the general population of 
arction.^9 Although current standards for pre- patients after AMI has not been subjected to rigorous 
tion of exercise to patients. with coronary artery empirical analysis. In 1 study that did examine the 
ase??? are based on the assumption that only effects of. different levels of exercise intensity in pa- 
ous activity (>65% of maximal oxygen con- tients after AMI‘ the exclusion of 25% of. potential 
jon dard isa sufficiont stimulus to andi - subjects because they were taking medication, too de- - 
— E | . . conditioned or older than 54 years of age precluded — 
Departments of Psychiatry and V . any generalization of results to more representative — 
Medical Center, ; Daran, d the 2 Dopirtinünt of Medicine, . populations of post-AMI patients participating! in car. 
n 5 Grey School as Medicine, “Winston Salem, and the diac rehabilitation. D 
t; Wake Forest Univer- ^. The assumption that strenuous. activity is recived y 
nston. Baler North Caroliba, This study was supported — to produce clinically significant physiologic effects in- 
ts HL30675 and AG04238 from the National Institutes of | survivors of AMI has several important consequences - 
; pong Maryland, à and — a i grant from the John D. for the management of this large population of pa- 
n, Chicago, Illinois. tients. First, because strenuous activity after AMI i is ij 
ec jennscript received associated with a. mall but significant risk of ventricu- - 
Boos sos ou (9 9 | ion,! ohysicians are re 





































ore dissuaded from pursuing further ani 
e its potential benefits. 
he present study was designed as a systematic test 
he hypothesis that low-intensity exercise («454^ 
-< VOsmax) may produce effects on physical work capac- 
^ ity that are substantially similar to those resulting from 
. the strenuous exertion (>65% VOsmax) that is current- 
ly prescribed to patients after AMI. Because the risk of 
ventricular fibrillation during low-intensity exercise 
appears to be less than that associated with more stren- 
uous effort? the potential benefits of low-intensity 
. exercise should be investigated. Careful consideration 
of si relative risks and benefits of low-intensity exer- 











patient sample was considered representa- 
of most cardiac rehabilitation programs in that we 





: ceiving cardiac medications, and who were not ex- 


cluded by virtue of their having limited functional 


oe 


| Methods 


. - This was a collaborative: investigation by investiga- 
: tors from the Duke University Medical Center and 
m. both institutions using an identical protocol. 
cts. were a consecutive. series of male patients 














ocardiog raphic changes and increases in serum 
p ! s. All subjects had the AMIno more than 
a vear before participation in this study (median = 8 


| weeks], and none had previously participated i in a for- 
mal exercise program. All subjects were randomly as- 


signed either toa high-intensity (65 to 759» VO2max) or 
to a low-intensity (<45% VO;max) group. Of 54 poten- 


tial subjects, 46 men completed. the 3-month training 


. program. Subjects ranged i in age from 28 to 66 years 

(median 52). For purposes of this study, all electrocar- 
_ diograms were rated for global AMI severity using a 
RS scoring system! (mean = 5 + 4 standard devi- 
on]. Subjects taking cardiac medications were not 
. excluded from the study, but were maintained on their 
Di prescribed pharmacologic regimens at the same dos- 












. age for the duration of the 3-month study. All subjects 


. were given information on low-fat, low-cholesterol di- 
ets, but no closer dietary modification was attempted. 
Cardiac catheterization and radionuclide ventriculog- 
-raphy were not performed routinely, but results of 
these additional diagnostic procedis were recorded 
when available. | 
Exercise testing: Exercise tests: were performed in a 
ermoneutral (24 to 26°C) laboratory. Fasting subjects 
ours) were extensively briefed about testing pro- 





— claudicat 


graphic tracings were also obtained during a 5- 
J j exercise therapy: to patients recovering from 


icluded. patients of all ages, many of whom were re- - 


lesterol and high density lipoprotein cholesterol 
determined on blood samples drawn between 7 
with 3.5% sodium citrate (1:9, v:v), centrifuged a 
an Gray School of Medicine. Data were collect- 


weeks. Exercise sessions consisted of 10 minute 


ed an AMI documented by history, 
warm-up exercises, followed by 30 to 45 minu 


tensity. from 50% VOsmax for the first week to 


the low-intensity exercise program was identical 





e undergoing a graded. exercise test. All 











ion, abno | blood pressure 
marked ST-segment depression. The protoc 
ed of 1-minute stages: minute 1: 2.0 mph, 0% 
minute 2: 2.5 mph, 0% grade; minute 3: 2.5 mp 
grade and so on, so that each subsequent minut 
sented an approximate 1 MET (3.5 ml O,/ 
increase. 
Metabolic and respiratory measurements w 
tained using a Beckman Metabolic Measuremer 
(model 040-301). Measurements of VO, (liter/1 
ml/kg/min), expired. ventilation and respira! 
change ratio were obtained every 15 seconds 
A standard 12-lead electrocardiogram was n 
ed at rest and at the end of each minute. Electro 


























































recovery period. Electrocardiograph recordings 
displayed on a Marquette Electronics Exercis 
ule (series 6500). Heart rates were recorded at th 
of each minute. Blood pressure was measured b 
sphygmomanometry at 3-minute intervals. 
Blood lipids: Plasma triglycerides, total serum 


AM. after a 12- to 14-hour fast. Blood was withdraw 
i-syringe 15 cc vacutainer tube and anticoagu 


X g for 15 minutes at 4°C and frozen at —20°C be 
analysis by a commercial laboratory. 

Exercise training: Subjects exercised under m 
cal supervision 3 times weekly for 12 conse 


continuous walking or jogging (approximately 3; 
in their prescribed training range. A 10-minute 
down period consisting of relaxation and light ; 
ing exercises completed each exercise session 

The high-intensity subjects followed a regi 
increasing progressive aerobic exercise to a lev 
to 75% of VO;max determined at the time 
initial treadmill test using the Karvonen form 
determining maximum heart rate reserve.! 
walking and jogging prescription progressed 


VO;max by the fourth week of training. The form 


the exception that subjects’ exercise intensity 
<45% VOjmax. throughout the duration of stud 
subjects had their heart rates checked at 10-mi 
intervals during each exercise session by trained n 
ing staff. Subjects also were continuously moniti 
by a heart rate monitor (Exersentry model III) at | 
once a week. . i 

Data analyses: The primary mode of statis 
analysis was a 2 by 2 multivariate analysis of var 
(MANOVA). Time (before and after exercise tra 
served as a within-group variable and intensi 
and low) — asa between “group variable 











(n= 23) 











5148 
(34-63) 
194 + 28 
(153-270) 
Bt 11 
(3-52) 
47 + 14 
(25-79) 
544 
(0-16) 
16 (70%) 
16 (100%) 


pi (%) having cardiac catheterization 
or (%) of patients with >75% diameter 





intensity Low Intensity 
(n = 23) 





52:9 
(28-66) 
194 + 27 
(154-269) 
1011 
(2-52) 
52 + 13 
(33-79) 
6i4 
(0-15) 
22 (95%) 
20 (91%) 


Sii 


High intensity —— 
(n = 23) | 


Time 1 






Time 2 





Time 1 


— — — — ——— Ner E Mr tt 


Heart rate (beats/min) 
Resting 
Submaximal (5 METs) 
Maximal — 

Blood pressure (mm Hg) 
Resting systolic BP 
Resting diastolic BP 
Submaximal systolic BP 
Submaximal diastolic BP 
Maximal systolic BP 
Maximal diastolic BP 


63 + 16 
99 + 16 
. 126 X 17 


117 x 16 
76 8 
145 + 17 
80 + 8 
158 + 19 
80 X8 


59 + 16 
98 + 12 
133 + 20 


115+ 18 
74 + 10 
140 + 20 
77 8 
161+ 20 
79 6 


67 + 14 
103 + 15 
128 + 25 


118 + 18 
7649 
143 + 28 
78 8 
152+ 33 
8019 


118 i 16 
77 X8 


. 80x 11 
(446 + 27 


81x 11 











or (76) of patients with significant 
neter stenosis (>75%) of 1 or more 
onary artery E 
12 (7596) 
4 | 4 (2596) 
3 MEE 0 (0) 


15 (6896) 
8 (1896) 
2 (1096) 


lues are means + standard deviations. Ranges are also included. 


NOVA. Separate MANOVAs were performed for 
ing and maximal treadmill data. 


sults | 
aseline characteristics: There were no differ- 
es among the high- and low-intensity groups in any 
he initial demographic characteristics (Table I). 
bjects were comparable with respect to age, weight, 
' since AMI, left ventricular ejection fraction and 
I severity. In addition, many patients had a previ- 
cardiac catheterization, and the distribution of pa- 
ts with significant 1-, 2-, and 3-vessel disease was 
erally equivalent. 

view of medication usage indicated that there 
e no group differences in the kind of cardiac medi- 
ons prescribed. Seventy-eight percent of all pa- 
s were taking 8-blocking drugs (70% selective; 
nonselective), 57% were taking calcium channel 
ng agents, and 37% were taking nitrates. Thus, 
randomization procedure was successful in pro- 
g comparable initial characteristics in the high- 
ow-intensity exercise groups. 
xercise compliance: Careful assessment of pa- 

articipation indicated that participants of both 
igh and low groups were equally compliant with 
respective exercise training protocols. Subjects 
ned to the high-intensity condition exercised fora 
1 (+ standard deviation) total of 32 + 5 exercise 
ons (out of a possible 36), and the low-intensity 
p exercised for a mean total of 33 + 5 exercise 
is. Review of daily exercise logs indicated that 
ow-intensity subjects were within or below their 
ibed training range 91% of the time, whereas the 






rescribed training range 86% of the 


































































Rate-pressure product 
Submaximal heart rate 
X systolic BP X 107? 
Maximal heart rate 
X systolic BP X 107? 
Maximal oxygen consumption 
. VOgmax (ml/kg/min) 23.4 £40 26515. 21.8 3.9 25.1464 
V Osmax (liter/min) 2.1104 23405 19405 2240.6 
Treadmill time (min) 9.5 +24 10.7 +22 85418 10.1424 
_ BP = blood pressure. 
Values are means + standard deviation. 


144428 138432 149446 13333 


201432 21548 199472 196453 


included recent diagnosis of cancer (n = 1), surgery (n 
= 2), refusal to be randomized (n = 1) and inconve- 
nience with work schedule (n = 4). | 
Changes in cardiovascular functioning: A MAN- 
OVA performed for resting cardiovascular data re- 
vealed a significant main effect for time, F (4,40) = 
3.31, p «0.02. The main effect for intensity and the 
intensity by time interaction were not significant. Ex- 
amination of the data listed in Table II reveal thata- 
significant univariate main effect for time was ob- 
tained only for resting heart rate, with the low-intensi- 
ty group experiencing a significant reduction in resting. 
heart rate after the 3 months of exercise training. —— 
A separate MANOVA for the maximal exercise - 
treadmill data also revealed a main effect for time, F- 
(3,35) = 12.02, p «0.0001. However, neither the intensi- 
ty main effect (F «1) nor the intensity times time inter- 
action (F = 1.05) was significant. Examination of the 
univariate main effects for time revealed that, aver- 
aged over exercise group, there were significant im- 
provements in VO;max, F (1,37) = 28.09, p «0.0001, 
and in treadmill time, F (1,37) = 31.94, p «0.0001. The 
absence of an intensity time interaction indicates that 
the high and low groups showed comparable improve- 
ments in cardiorespiratory fitness. Examination of the 
data listed in Table II reveals that the average im- 
provement in VO;max (liters/min) was 12%. " 
. Out of program activity: Activity levels outside of 
the program were assessed by self-report and daily 
pedometer recordings for 1 week before and after 
training. The mean daily activity levels did not change 
for either the high- (mean 4.9 and 4.7 miles) or low- 
mean 3.5 and 3.6 miles) exercise groups. Moreover, - 
nly.9-paticnté indicated di Fated 
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Q' 


g s or bowling. This minimal involvement 
not considered physiologically significant. 
yids: Because not all lipid values were expected 
:hange with exercise, we performed a series of AN- 
-OVAs for each variable separately. Examination of 
-these univariate analyses indicated that the time main 
effect was significant only for high density lipoprotein 
cholesterol, F (1,34) = 11.14, p «0.01. Subjects in both 
the High- (28 + 6 to 33 + 10) and low- (27 + 8 to 33 + 10) 
intensity training programs increased their high densi- 
ty lipoprotein cholesterol. However, there were no sig- 
nificant changes in either total serum cholesterol (high: 
209 + 52 to 214 + 34; low 202 + 33 to 201 +46) or 
glycerides (high: 180 + 98 to 155 + 78; low: 201 + 91 
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'he main finding of this study was that 3 months of 
-low-intensity exercise training was equivalent to a 
- comparable period of relatively high-intensity exer- 
cise in improving cardiorespiratory fitness. The 


-the improvement for the low group (147%) was not sta- 














(1176). These results appear to contrast with data 
e Ontario Multicenter Exercise-Heart Collabo- 


udy,?? in which there were significant differ- 








the present study (and standard recom- 
lations for many formal exercise programs for 
cardiac rehabilitation in this country) extended for 
only 3 months. Moreover, subjects in the Ontario study 

were younger (mean 45 years}, were seen later after 





the myocardial infarction (mean 7 months) and 25% of 


the prospective participants were eliminated from the 


study because they were taking cardiac medications, 
were older than 54 or were “too deconditioned.” It 


- should be noted that the improvements in our high- 
. intensity group were smaller than those reported in 
--some,!?-?! but not all studies of patients after AMI.” 


The fact that three-fourths of our patients were taking 


- B-blocking drugs may have served to attenuate the 
magnitude of improvement in VO;max.^ - 
— Subjects in our low-intensity condition increased 


their VO;max by an average of 14%. This level of- 


improvement in the low-intensity group is consistent 
with other reports of improvement in aerobic capacity 
after AMI without formal exercise training. More- 


over, in a study of 146 cardiac patients," those patients 


who trained the most intensely or who had the highest 
- class attendance did not experience the most improve- 
it. Thus, participation in routine daily activities 

> may produce significant physiologic effects that 
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Frederich, Cherie Rich, Liz Kenny and Rob 


- protocol; to Drs. Andrew Wallace and David Ma 
for their suggestions on an earlier draft of this m 


tically different from the improvement for the high 


uay, inci 2 WE a. Clausen JP, Larsen OA, Trap-Jensen J. Physical training in the m 
between 2 comparable exercise intensity regi- 


D MS s ca mo ce ua soo c Fa a.u dl. Detry FM, Rousseau M, Vandenbraucke G, Kusumi F. Increased art 


nous oxygen difference after physical training in coronary heart « 


ac patients. J] Behav Med 1984;7:61-81. ` 
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rovement in VOzmax. ob- ^ 44. Haskell WL. Cardiovascular complications during exercise t 













sity training 
its in this population. | 
cially relevant for the sedentary patient in wh: 








as a deterrent to long-term compliance with ex 
therapy. We emphasize that these results should 
interpreted to exclude the possibility of addition: 
diovascular benefits of high-intensity training pt 
by certain patients who may exercise over longer 
tions of time.? However, our data support the 
that improvements in functional capacity for ma 
tients after AMI may, at least in the short run, bi 
tively independent of the intensity of supervised 
cise training. N 
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qo Like he ki ney and the brain, the heart plays a 


th 





hree-fold role in essential hypertension: first, it is 
| directly involved in the pathogenesis of arterial hyper- 


| tension. ... Second, the heart suffers as a target organ 
| 
| 








of long-standing hypertension.... Third, cardiac 

function and structure are directly and indirectly 

affected by a variety of antihypertensive agents. 

| [This] book is intended to provide a synoptic view 
of present knowledge in this rapidly expanding area. 

[it] is written for physicians, cardiologists, or investi- 
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ators who would like to deepen their understanding — . 
of cardiac involvement in hypertension, and of pro- — 
gression as well as regression of left ventricular 2j 
hypertrophy, and the heart's structural and functional... 
response to various blood pressure lowering agents." — 

— from the Editor s Preface ` 




























The Heart and Hypertension features contributions — 


from 88 internationally recognized experts. The Heart . 
and Hypertension: 482 pages-— including a subject E 
index— in 45 chapters. 
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Help while it's happening... 





5 mg./5 mi 


d 4 y: mi 


2 VT. 
, 


In Acute MI Geigy 


Lifesaving 


m 36% reduction in 3-month mortality’ 


= Reduced incidence of arrhythmias and 
ischemic pain’ 


Safe 


m >93% tolerated the full intravenous dose? 
= <1% withdrawn for congestive heart failure? 


E 


Lopressor" 
metoprolol tartrate 


^ 


J 


H 
? 
D 


e Intravenous followed by long-term oral therapy 


Alternatively, oral treatment can begin within 
3 to 10 days of the acute event 


Lopressor is contraindicated in patients with heart rate <45 beats min: second- and 
third-degree heart block; significant first-degree heart block (P-R interval =0 
systolic blood pressure < 100 mmHg: or moderate-to-severe cardiac failure 


24 sec) 


Please see last page for Brief Summary of Prescribing Information 


The only beta blocker indicated in definite or 
suspected acute myocardial infarction... 


Lopressor an 


ag ri r r Prefilled Syringes: 5 mg/5 ml 
Ampuls: 5 mg/5 ml 
Tablets: 100 mg 50 mg 


Changing the Course of Cardiovascular Care 











ARY 
LL PRESCRIBING INFORMATION, SEE PACKAGE 


tablets are indicated for the treatment of hyperten- 
be used alone or in combination with other 


Sor ampuis, prefilied syringes, and tablets are indicated 
reatment of hemodynamically stable patients with defi- 
spected acute myocardial infarction to reduce cardio- 
mortality. Treatment with intravenous Lopressor can 
ed as soon as the patient's clinical condition allows 
DOSAGE AND ADMINISTRATION, CONTRAINDICATIONS, 
WARNINGS). Alternatively, treatment can begin within 

Q days nr vidi event (see DOSAGE AND 


NDICATIONS 
ansion and Angina | | 
sor is contraindicated in sinus bradycardia, heart block 
a an M bs cardiogenic shock, and overt cardiac 


rdial infarction my 

sor is contraindicated in patients with a heart rate — — 
&ats/ min; second- and third-degree heart block; signifi- 
'st-degree heart block {P-R interval = 0.24 sec): systolic 
pressure < 100 mmHg: or moderate-to-sevére cardiac 
‘(see WARNINGS). 


sion and Angina ea 

Failure: Sympathetic stimulation is a vital component 
ig circulatory function in congestive heart failure, and 
kade carries the potential hazard of further depressing 
contractility and precipitating more severe failure. 
tensive and angina patients who have congestive heart 
controlled by digilalis and diuretics, Lapressor should 
istered cautiously. Both digitalis and Lopressor stow 
duction. 
Mienis Without a History of Cardiac Failure: Continued 
of the myocardium with beta-blocking agents over 
ime can, in some cases, lead to cardiac failure. At 
n or symptom of impending cardiac failure, patients 
fully digitalized and/or given a diuretic. The response 
served closely. if cardiac failure continues. despite 
alization and diuretic therapy, Lopressor shouid 





c Heart Disease: Foliowing abrupt cessation of 
with certain beta-blocking agents, exacerbations 
na pectoris and, in some cases, myocardial infarc- 
occurred. When discontinuing chronically 
stered Lopressor, particularly in patients with isch- 
igari disease, the dosage should be gradually 
Over a period of 1-2 weeks and the patient should 
ily monitored. If angina markedly worsens or 
oronary insufficiency develops, Lopressor admin- 
on should be reinstated promptly, at least tem- 
y. and other measures appropriate for the manage- 
unstable angina should be taken. Patients should 
Tied against interruption or discontinuation of 

y without the physician s advice. Because coronary 
disease is common and may be unrecognized, it 

"be prudent not to discontinue Lopressor therapy 
ptly even in patients treated only for hypertension. 


ssgastic Diseases: PATIENTS WITH BRONCHO- 


















ad of larger doses two times daily, to 
levels associated with the longer 
OSAGE AND ADMINISTRATION.) 
tgery: The necessity or desirability of withdrawing 
ig therapy prior to major surgery i$ controversial; 
ability of the heart to respond to reflex adrenergic 
ment the risks of general anesthesia and sur- 


other beta blockers, is a competitive inhibitor 
itor agonists, and its effects can be reversed by 
9n af such agents, e.g., dobutamine or iso- 
iet, such patents may be subject to pro- 
tension. Diffi in restarting and main- 
reported with beta. 
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Thyrotoxicosis: Beta-adrenergic blockade may mask certain 
clinical signs (e.g., tachycardia) of hyperthyroidism. Patients 
suspected of developing thyrotoxicosis should he managed 
carefully to avoid abrupt withdrawal of beta blockade, which 
might precipitate a thyroid storm. 

Myocardial infarction 

Cardiac Failure: Sympathetic stimulation is a vital component 
Supporting Circulatory function, and beta blockade carries the 
potential hazard of depressing myocardial contractility and pre- 
cipitating or exacerbating minimal cardiac failure. — 

During treatment with Lopressor, the hemodynamic status 
of the patient should be carefully monitored. If heart failure 
occurs or persists despite appropriate treatment, Lopressor 
should be discontinued. 

Bradycardia: Lopressor produces a decrease in sinus heart 
rate in most patients; this decrease is greatest among patients 
with high initial heart rates and least among patients with low 
initial heart rates. Acute myocardial infarction (particularly in- 
ferior infarction) may in itself produce significant lowering of 
the sinus rate. If the sinus rate decreases to < 40 beats/min, 
particularly if associated with evidence of lowered cardiac out- 
put. atropine (0.25-0.5 mg) should be administered intra- 
venously. if treatment with atropine is not successful, 
Lopressor should be discontinued. and cautious administration 
of isoproterenol or installation of a cardiac pacemaker should 
be considered. 

_ AV Block: Lopressor slows AV conduction and may produce 
significant first- (P-R interval =0.26 sec), second-, or third- 
degree heart block. Acute myocardial infarction also produces 
heart block. 

if heart block occurs, Lopressor should be discontinued and 
atropine (0.25-0.5 mg) should be administered intravenously. 
if treatment with atropine is not successful, cautious adminis- 
tration of isoproterenol or installation of a cardiac pacemaker 
should be considered. 

Hypotension: i! hypotension (systolic blood pressure 
= 90 mmHg? occurs. Lopressor should be discontinued, 
and the hemodynamic status of the patient and the extent of 
myocardial damage carefully assessed. Invasive monitoring 
of central venous, eek capillary wedge, and arterial 
pressures may be required. Appropriate therapy with fluids, 
positive inotropic agents. balloon counterpulsation, or other 
treatment modalities should be instituted. if hypotension is 
associated with sinus bradycardia or AV block, treatment 
shouid be directed at reversing these {see above). 

pane pieeauce aaeet: PATIENTS WITH BRONCHO- 
SPASTIC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 
BETA BLOCKERS. Because of its relative beta, selectivity, 
Lopressor may be used with extreme caution in patients 
wit — disease. Because it is unknown to what 
extent beta, stimulating * may exacerbate myocardial 
ischemia and the extent of infarction, these agents should 
not be used prophylacticaliy. H bronchospasm not related to 
congestive heart failure occurs, Lopressor should be discon- 
tinued. A theophylline derivative or a beta, en may be 
administered cautiously, depending on the clinical condition 
of the patient. Both theophyliine derivatives and beta, agon- 
ists may produce serious cardiac arrhythmias. 


PRECAUTIONS 

General 

Lopressor should be used with caution in patients with im- 

paired hepatic function. 

information for Patients 

Patients should be advised to take Lopressor reguiarly and 

continuously, as directed, with or immediately following meals. 

If a dose should be missed, the patient should take only the 

next scheduled dose (without doubling it). Patients should not 

discontinue Lopressor without consulting the physician. 

. Patients should be advised (1) to avoid operating auto- 

mobiles and machinery or engaging in other tasks requiring 

alertness until the patient's response to therapy with Lopressor 

has been determined: (2) to contact the physician if any diffi- 

culty in breathing occurs: (3) to inform the physician or dentist 

before any type of surgery that he or she is taking Lopressor. 

Laboratory Tests 

Clinical laboratory findings may include elevated levels of 

serum transaminase, alkaline phosphatase, and lactate 

dehydrogenase. 

Drug interactions — 

Catecholamine-depteting drugs (e.g., reserpine) may have an 

additive effect when given with beta-blocking agents. Patients 

treated with Lopressor plus a catecholamine depletor should 

therefore be closely observed for evidence of hypotension or 

marked bradycardia, which may produce vertigo, syncope, or 

postural hypotension. 

Carcinogenesis, Mutagenesis, — of Fertility 

Long-term studies in animals have been c 

— potential. In 2-year studies in rats at three oral 
evels of up to 800 mg/kg per day, there was no in- 














mice, chromosome studies in somatic cells, a Salmonella; 
mammalian-microsome mutagenicity test, and a nucleus 
anomaly test in somatic interphase nuclei) were negative. 

No evidence of impaired fertility due to Lopressor was ob- 
Served in a study performed in rats at doses up to 55.5 times 
the maximum daily human dose of 450 mg. l 
Pregnancy Category — 
Lopressor has been shown to increase postimplantation joss 
and decrease neonatal survival in rats at doses up to 55.5 times 
the maximum daily human dose of 450 mg. Distribution stud- 
ies in mice confirm exposure of the fetus when Lopressor is 
administered to the pregnant animal. These studies have 
revealed no evidence of impaired fertility or teratogenicity. 
There are no adequate and well-controlled studies in pregnant 
women. Because animal reproduction studies are not always 
predictive of human response, this drug should be used during 
pregnancy only if clearly needed. 

Nursing Mothers — 

Lopressor is excreted in breast milk in very small quantity. An 
infant consuming 1 liter of breast milk daily would receive a 
dose of less than 1 mg of the drug. Caution should be exercised 
when Lopressor is administered to a nursing woman. 
Pediatric Use — : 
Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS 

Hypertension and Angina 

Most adverse effects have been mild and transient. 

Ceniral Nervous System: Tiredness and dizziness have 
occurred in about 10 of 100 patients. Depression has been 
reported in about 5 of 100 patients. Mental confusion and. —— 
short-term mernory loss have been reported. Headache, night- 
mares, and insomnia have also been reported. 

Cardiovascular: Shortness of breath and bradycardia have 
occurred in app roximately 3 of 100 patients. Cold extremities: 
arterial insufficiency, usually of the Raynaud type. palpitations: 
congestive heart failure: peripheral edema; and hypotension 
have been reported in about 1 of 100 patients. (See CON- 
TRAINDICATIONS, WARNINGS, and PRECAUTIONS} 

— Wheezing (bronchospasm) and: Pere have 
been reported in about 1 of 100 patients (see WARNINGS). 

Gastrointestinal: Diarrhea has occurred in about 5 of | 
100 patients. Nausea, dry mouth, gastric pain, constipation, 
flatulence, and heartburn have been reported in about 1 of 
100 patients. i 

Hypersensitive Reactions; Pruritus or rash have occurred in 
— : of 100 patients. Worsening of psoriasis has also been 
reported. 

Miscellaneous: Peyronie's disease has been reported in 
fewer than 1 of 100.000 patients. Musculoskeletal pain, blurred 
vision, and tinnitus have also been reported. 

There have been rare reports of reversible alopecia, 
agranulocytosis, and dry eyes. Discontinuation of the drug 
— hed considered if any such reaction is not otherwise 
explicable. 

The oculomucocutaneous syndrome associated with the beta 
blocker practolot has not been reported with Lopressor. 

Myocardial infarction l ere 
Central Nervous System: Tiredness has been reported in 
about 1 of 100 patients. Vertigo, sleep disturbances, hallucina- 
tions, headache, dizziness, visual disturbances, contusion, 
and reduced libido have also been reported, but a drug rela- 
tionship is not clear . ; 

Cardiovascular: in the randomized en of Lopressor 
and placebo described in the CLINICAL PHARMACOLOGY sec- 
tion, the following adverse reactions. were reported: — ^ 


Lopressor Placebo 

Hypotension 27 4% 23.2% 
systolic BP < 90 mmHg) 

Bradycardia : 18.9% 6.7% 
(heart rate « 40 beats/min) 

Second- or 4.7% 4.7% 
third-degree heart block . 

First-degree 5.3% 1.9% 
heart block (P-R = 0.26 sec} 

Heart failure 27.5% 29.6% 


viv deir d Dyspnea of pulmonary origin has been re- 
ported in fewer than 1 of 100 patients. — — 

Gastrointestinal: Nausea and abdominal pain have been 
reported in fewer than 1 of 100 patients. 


Dermatologic: Rash and worsened psoriasis have been 
reported, but a rug reaper is not clear. — 

Miscellaneous: Unstabie diabetes and claudication have 
been reported, but a drug relationship is not clear. 

Potential Adverse Reactions — 

A variety of adverse reactions not listed above have been re- 
rted with other beta-adrenergic blocking agents and should 
considered potential adverse reactions to Lopressor. —— 
Central Nervous System: Reversible mental depression pro- 
essing to catatonia; an acute reversible syndrome character- 

ized by disorientation for time and place, short-term memory 

loss, emotional lability, slightly clouded sensorium, and de- · 

creased performance on neuropsychometrics. i 
Cardiovascular: intensification of AV block (see CONTRA- 

INDICATIONS). 
Hematologic: Agranulocytosis, nonthrombocytopenic pur- 

pura, throm FU eil purpura. 
Hypersensitive Reactions: Fever combined with aching and 

sare throát, laryngospasm, and respiratory distress. 
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No two are exactly alike. 


Because body chemistry 
differs from person to 
person, we often need 

a choice of drugs to 
treat the same illness. 


You ve heard it said that no two 
snowflakes are exactly alike. 
The variety is endless. Much 
the same is true of the human 
body. 


Take the case of two patients 
suffering from hypertension. 


Both under the care of the same 


physician, who prescribes the 
same medication for each. One 
patient responds to the medi- 
cation while the other reports 
unpleasant side-effects. Thanks 
to the diversity of drugs avail- 
able to treat this illness, the doc- 
tor is able to prescribe another 
medicine that works without 
the side effects. 

To maintain the high standards 
of quality care, and because 
some drugs work better than 


others on different people, it is 
essential to have this diversity. 


America's research-based phar- 
maceutical companies are com- 
mitted to providing a wide 
range of drugs of the highest 
quality to serve the public. 
Why? Because the public is 
made up of different people 
requiring different treatment— 
even when they suffer from the 
same illness. 





Pharmaceutical 
Manufacturers 


Association 


IF A NEW MEDICINE CAN HELP. 
W/ERE WORKING ON IT 





Lower cardiovascular risk 


Coronary and ventricular imaging procedures 
demand a higher level of performance from 
contrast media: quality images plus limited inter- 
ference with cardiac function. Hexabrix is an ideal 
choice for cardiac imaging for just that reason. 


Less effect on cardiac 
and renal function 


Hexabrix offers less interference with cardiac 
function and less risk of nephrotoxicity when 
compared with conventional contrast media.'* 


F M QO Ww 


This is particularly important for procedures 
such as PTCA, where larger volumes of contrast 
media are necessary. 


Lowest osmolality 


Of the three newer contrast agents, Hexabrix 
offers the lowest osmolality per milligram of 
iodine (600 mOsm/kg H5O, versus 796 mOsm for 
iopamidol-370 and 844 mOsm for iohexol-350). 
The lower osmolality of Hexabrix reduces 
undesirable fluid shifts into the vascular space. 
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s equally important. 


Lower risk of clotting in vitro Qu ality im ages and 
Studies have demonstrated that Hexabrix has the lowest osmolality 
a stronger inhibitory effect on red blood cell clotting 
in vitro than iopamidol or iohexol.5.6 T V S W + 
aiio HEXABRIX 
OWer VISCOSIty ! at lumine 39.3% | 
Hexabrix provides a lower viscosity than (lOxag els MEQ UMINE 39.370 


" iohexol-350 or iopamidol-370, for ease of injection, ioxaglate sodium 19 6% injection) 


especially in higher-volume procedures. 


Please see the following page for references and brief summary of prescribing information. Cha nging the | ook of medicine 
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HEXABRIX (ioxaglate meglumine 39.3%/ioxaglate sodium 19.6% injection) 


HEXABRIX^ 
Each milliliter of HEXABRIX contains 393 mg af Joxagtate 
meglumine. 186 mg of ioxaglate sodium and 0.1) mg edetate 
calcium disodium as a stabiler. The solution contains 3 48 
mg (0.15 mEq) sodium in each mililiter and provides 32% 
(320 mg/ml} organically bound iadine 


CONTRAINDICATIONS 
HEXABRIX is contraindicated for use in myelography, Refer to 
PRECAUTIONS concerning hypersensitivty Hysterosalpin- 
gography should not be perlormed during the menstrual period: 
in pregnant patients. in patients with known infection in any 
portion. of the genial trac, oron patients in whom cervical 
Conisahion or curettage has been performed willun 30 days 
Arthrography shouid nof be performed uf infection is present in 


or near the innt. 

WARNINGS 
Serious or fatal reactions have been associated wilh the 
administration of xadine containing radiopaque media. ftis ot 
ulmost importance to be completely prepared fo treat any 
contrast medium reaction 

As with any contrast medium. senous neurologis segueta. 
including permanent paralysis. can occur following cerebral 
arteriography. selective spinal arteriography and arienography 
of vessels supplying fhe spinal cord The miechon of à 
contrast medium should never be made following the admin- 
istratign af vasaptessors. since They strongly potentiate neuro- 
logic etlects 

in patients with subarachnoid hemorrhage. a tare associa- 
lion between contrast. administrabon and chrucal deteriora- 
ton inching convuisions and death, has heen teported 
Therelore, administration of intravascular iodinated contrast 
media in these patients should be undertaken wih caubion 

A definite sk exisis in the use of intravascular contrast 
agents in patients who are known fo have mulipie myeloma 
in such instances anung has developed. resulting in pragres- 
Sive uremia, renal talure and eventually death Although 
neither the contrast agent nor dehydration has separately 
proved to be the cause of anura m myeloma, d has been 
speculated that ihe commnation of both may be a causative 
factor. The risk in myetomatous patients 19 nol à contrainódica- 
tion to the procedure, however, paria! dehydration in ihe 
preparation of these patents for the examination ss not recom- 
mended since fhis may predispose Io precipitation of mye- 
loma protein in the renal tubules No form of therapy including 
dialysis, fas been successful in reversing the elec] Myeloma. 
which occurs most commonly in persons aver 40, should be 
considered before instituting intravascular admmstration of 
Contrast agents 

Administision o! fadiapaque materials 10 palients KHOWR DI 
suspected io have phepchromocgloma shouid be performed 
wilh extreme caution. i£ in the opinion of the physician, the 
possible benefits of such procedures outwegh the consid- 
ered risks, the procedures may be pertormed. however. The 
amount of radiopaque medium iniected should be kept to an 
absolute miumum The blond pressure should be assessed 
throughout the procedure. and measures for treatment gi 2 
hypertensive crisis should be avaiable. 

Since intravascular administraban of contrast media may 
promote sickling im individuals who are homozygous for 
sickle Cell disease, Fluid testrichon is not advised — 

in patients with advanced renal disease, iodinated contrast 
media should be used with caubion and only when ihe need for 
the examination dictates. since excretion of the merum may 
be impaired. Patients wih comtuned tenal and hepatic Gis- 
Pase, those wilh severe hypertension 0r congestive. hear 
faitute and recent renal transplant recipients present an add: 
tional risk. 

Renal ladure has been reported in patients with iver dys- 
lunchon who were given an oral cholecysiagrapinc agent 
toliawed by an intravascular s«odinated radiopaque agent and 
also in patients with. occult renal disease, notably drabetics 
and hypertensives in these classes of patients there should he 
no fluid restriction and every attempt made to manian norma 
hydration prior ia contrast medium iniecbon. since denydra- 
fan is the single mast important factor intluencing further 
renal impairment 

Caution should te exercised in performing contrast me- 
dium studies in patients with endotoxemia andar fhose with 
elevated body temperatures. 

Reports of thyroid storm occurring toliowing the satravas- 
cular use of iodinated radiopaque agents m patients with 
hyperthyroidism or with an autonomously funchormng hyd 
nodule, suggest that ites additional nSk be evauated belore 
use of this drug. iodine-contaming contrast agents may aner 
the results of thyroal function tests which depend on iodme 
estimation, e.g . PBL and may also affect results o radioactive 
iodine uptake studies Such tesis, ¢ indicated. should be 
pertormed pnor fo the administration of as preparation 


PRECAUTIONS 

Diagnostic procedues which involve the use of ixdimated 
intravasculat contras! agents should be carned out under the 
direction of personnel skilled and experienced in fhe particular 
procedure to be performed AS procedures ubhzing contrast 
media catty a delinte isk of producing adverse reactions 
While most reactions are menor bie-threatening and fatal 
reactions may occur without warning, and thes risk most be 
weighed against the benefit of the procedure A fully equipped 
emergency cart, or equivalent sugplies and equipment, and 
personnel competent in recognizing and treating adverse 
reactions of all types shouid always be available à serous 
reaction should occur, immediately discontinue administra- 
tion. Since severe delayed reactions have been known 16 occur, 
emergency facilities and competent personnel should be avati- 
able for at feast 30 to 60 minutes aller administration, (See 
ADVERSE REACTIONS | 

Preparatory dehydration is dangerous and may contribute 
io acute renal fadure in iniants. young children, the elderly 
patients. wilh pre-existing renal insufficiency, patients. with 
multiple myeloma, patents wih advanced vascular disease 
and diabetic patents. 

Acute renal failure has been reported in diabehc patients 
with diabetic nephropathy and in susceptible nan-diabehe 
patients (often elderly with pre-existing renal disease! foitow- 
ing the administration of iodinated contrast agents. Therelore, 
careful consideration of the potential risks shuki be given 
pelore performing this radiographic procedure in these gatients. 

Severe reactions to contras! media often resemble allergic 
responses. This has prompted the use of several provocative 
pretesting methods, nane of which can be relied on to predict 
severe teaclions. No conchusive felalionship between. severe 
teactions and antigen-antibody reactions or other mandesta- 

ions-of allergy has been established. The possituity ot an 
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diosyncratie reaction in patients who have previously re- 
ceived a contrast medium without i effect shoutd always be 
considered. Prior to the injection of any contrast medium, the 
patient shóutd be questioned to oblain a medical history with 
emphasis 96 allergy and hypersensitieiy A positive history ol 
bronchial asima or allergy (including toogi. 3 family history 
ot allergy. 0f a previous feachon or hypersensibvity l0 a 
contrast ager may imply à greater than usual nsk Such à 
history may he more accurate than pre-testina in predicting 
the potential ic reaction, although nof necessary rhe seventy 
or type of reaction in the individual case A positive history of 
thus ape does nof arberanly coniindicate the use of a 
contrast agent when a diagnostie procedure «s thought essen- 
tial. bul does call lor caution. (See ADVERSE REACTIONS} 

Prophylactic therapy including corticasterbids and antihis- 
amines should be considered for patients whe present with 4 
shong allenic Mistery. a previous reachion to a contrast 
medium, Of 3 postre pre-test since in these patients. the 
incidence ef reachón «s twa fo three times thai of the generat 
population Adequate doses of corhcosteroids. should be 
started early enough prior to contrast medium injecbon to be 
elective and should continue through the hime of ingecbon and 
iot 24 hours after inyeciion Antihistamines should be admin- 
istered within JO minutes af the contrast medium mechan 
Recent pors indicate that such pre-treatrnent does nol 
Havent sencus be-TRrealemng reactions. ful may reduce 
bath ther incidence and severity A separate syringe should be 
used lor these injections 

General anesthesia may be indicated in the perlormance al 
some procedures : selected patients, however, a higher 
ifpdence of adverse reactions has been reported in these 
patients, and may be attributable fo the inability of the patient 
to identity untoward symptoms or to the hypotengve effect of 
anesthesia which can protong the circulation. time and in- 
crease the duralon of contact ot the contrast agent 

Anqiography should be avoided whenever possible vt pa- 
tenis with hormocystinura because of ffe risk of inducing 


thrombosis amd embolism 


PRECAUTIONS FOR 
SPECIFIC PROCEDURES 


Pedatric Angeocardiographiy. Y is advisable to monitor for 
CG and vital sns changes throughout The procedure 












When large mdnidual doses are administered. suthcien 
time should be eltowed lor any observed changes 10 retur to 
or near baseline prior to making the next mechon 


Caution shoud be used when making right heart injectors 
ay patients wih pulmonary hypedension orc incipient. heart 
failure, since {his may lead to increased eight side pressures 
with subsequent bradycardia and systemic hypotension. Pa- 
tients wih prirmchary disease present ational cisks 

Caution c advised in cyanotic intants since apnea, Wady- 
Cardia, other: artythmias and a tendency fo augos are more 
likely t0 occur l 

Since intants are more likely to respond wih convulsions 
than are adults the amount of tolal dosage «3 ot particular 
importance Repeated onjections are hazardous in infants 
weighing less then. / kg. parbcularly when these infants have 
pre-existing compromised nghl heart function ar obliterated 
pulmonary y af Beds 

Selective Coronary Adteripgraphy with of wdhout fell 
ventniculography. During the administration of large doses of 
HEXABRIX. continuous monitoring of vial sigas i desirable. 
Caution is advised in the administration of large volumes to 
patents wih incigient heart tadure because or the possibility 
ol aggravating the pre-existing condibon. Hypotension sheid 
be corrected promptly siice d may result in serious amyHhimias 

Special care regarding dosage should be observed m 
patients wilt nghi ventricular laure. pulmonary hypertension, 
or steno pulmosaty vascular beds because of hemadynam- 
ic changes which may occur after injection nto fhe right heart 
culllow tract 

Penpheral Atesoqiaphy Moderate decreases in. blood 
pressure occur trequentiy wilh intra-artenal (hrachian mjet- 
hong This change is usually transient and requires no Peat 
ment, however, ihe blood pressure should be monitored Tor 
appricximatety ten maues following miection 

Extreme caution. during injection of the contrast agent is 
necessary io avo? extravasation and fieoroscopy is Tecom- 
mended. Thus is especiaily important in patients volh severe 
arterial disease 

Cerebral Angiography Cerebral angiography shoulti be 
permed wib sgenal caution in pahents wilt advanced 
aflengscler severe hypertension, cardiac. decompensa- 
fion, senity. recent cerebrat thrombosis or embatism. and 
migraine 

Int Aneral Depia 
associated wth LA-54 are those usually attendant with came- 
ler procedures Fellowing the procedure gentle. pressure 
hemoslasis is £d. followed by observahon and immobi- 
Haakon ol the limb for several hours to prevent hemorrhage 
irom the site of arteriat puncture 

Patient motion. neluding respaation and swallowing. can 
tesult in misregisisation. Teaduig lo image. degradation. and 
non-diagnostic studies 

intravenous. Digital. Sublracton Angiography The risks 
associated with V-OSA include those usually attendant with 
calheter procedure and include mtramoral inieciions. vessel 
dissechon and issue extrayasalion The potential osk is 
reduced. when smad fest injections of contrast medium are 
made under Huoroscopic observation to insure mat the cate 
eter bp is properly positioned and. in the case of penphierat 
placement, that the «ein «s of adequate size. 

Patient motion, iacfuding respiration and swallowing, can 
result in misregstration. leading to image degradation. and 
non-óiagnastic stugies 

Penpheri venography Special care is required when vën- 
ography ss performed iti patients with suspected thrombosis. 
phlebitis, severe ischemic disease. local iniection or a totally 
obstructed venous system 

Extreme caution during injection of contrast media ss neg- 
essary to avout extravasabon and Huorascopy is recommen- 
ded This is especally important in patents with severe 
aflerial Of venaus Sisease l 

£xcretory Urography infants and smali children shouid not 
have any fund restrictions peor to excretory urography (See 
WARNINGS and PRECAUTIONS concerning preparatory 
dehydration 1 

Contrast Enhancement in Bady Computed lomography: 
Patent cooperation @ essential since patient motion, inciud- 
ing respiration, cas markedly affect image quality. The use of 
an intravascular contras! medium can obscure fumos im 
patients undergning CT evaluation ot the liver, resulting in a 
false negative diagticsis. Dynamic CT scanning is ihe proce- 
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dure ot choice for malignant tumor enhancement. 

Arthrography: Strict aseptic technique is required to pres 
vent the introduction of infection. Flueroscoapic control should 
be used fo insure proper introduction of the needie inte the 
sytovial space and prevent extracapsular mechan Asprratbion 
ol excessive synovial fuii wil! reduce the pai on inecton 
and prevent the dilution of the contrast agent. is important 
that undue pressure not be exerted during the wiection 

Hysterosalpingography: Cauhon should be exercised in 
patients suspected af having cervicat or tubal carcinoma to 
avoid possible spread of fhe lesion by the procedure Delayed 
onset of pam and fever {1-2 days) may be indicabve of pelvic 
imntectian 

Carcinogenesis, Mutagenesis, impairment of Ferbhity No 
long-term aremal studies have been. pediormed to evatuate 
carcitogenic potential: However, animal studies suggest that 
thes drug is not moltagenic and does not affect fertibity in males 
ot formales 

Pregnancy Category B. Reproduction studies have been 
performed in rats and rabbits al doses up to two times the 
maxrum adult human dose and have revagied no evidence ol 
impaired batty or harm to the fetus due lo HEXABRIX There 
are, however no adequate and wel] controlled studies m 
pregnant women Because animal reproduction studies are not 
abvays prerbebve of human response his drug should be 
used Gurng pregnancy only i Clearly needed 

Nursing Mothers Yoxagiate salts are excreted unchanged in 
human mik Because ot the potential tor adverse effects in 
nursing infants. Dottie feedings shouid be substituted for breast 
feedings lot 24 hours following the administration. of this 
ğru 

Pediatric Use Satety and effectiveness in chddren has been 
established on pediattic angiocarthagranhy and. intravenous 
excretory urography Data have nof bees submited to support 
the salety and eiechveness at HEXABRIX in any othierindication 

iPrecauhens tor specie procedures. receive. comment 
under that procedure | 


ADVERSE REACTIONS 
Adverse reactions fo iniectable contrast media fal inta two 
Categones chemotoxie mactons and irdiosyncrahie reactions 

Chemotosic reachons result from the physiochierecal prop» 
erties al the contrast media, the dose and the speed of 
auecton AB hemodynamic disiurbances and inmunes fo pt- 
gans or vessels perused by the contrast medium are include 
in this category 

idiosyncratic machans include ali other reactions They 
occur more frequently in patients 20 to 40 years old. idigsyn- 
cale reactions may or may nob be dependent on fhe dose 
injected, the speed ot iniectian, the mode of mecbon and the 
tadiogragtic procedure. keosyncrabic macions are subdivided 
into minor, ilerediate and severe The manor reactions are 
seit humded and of short duration, the severe reachons are 
Hle-theeatenung and treatment is urgent and mandatory 

NOTE: Not all ot the following adverse reachions have heen 
reported with HEXABRIX Because HEXABRIX i5 an iodinated 
intravascular contrast agent, atl of the side effects and toxicity 
associated wilh agents af fus class are fnieorencatty possible, 
and thus should be borne on mend when HEXABRIX is 
administered 

Severe. hile-threatening anaphylactóug reachons, mostly of 
catthovasculat origin. nave occurted lolosi] ihe adiministra- 
ton Of HEXABRIX as weil as other madine-contaring contest 
agents Most deaths occur durng injec g Hb minutes 
iater. the main feature being cardiac arrest with cardiavascular 
disease as the main aggravating factor isolated reports. of 
hypotensive cn and shack are found m the. literature. 
Based upon chrucal kierature. fepoded deaths from the ad- 

wnisttation of convenbonal iodinated contrast agents range 
trom 6 6 per Pelion (0 OOOB5 percent} to tin 10 000 patents 
(Q Ot percent) 

Regardless ob ihe contrast agent employed. the overall 
eshmated incidence of senous adverse reactions i3 higher 
will coronary ardenography than with other { 5 Car 
diac decompensation. senaus arhythmias or myocardial 1S- 
chemia ar itarchion may occur during car ography 
and jell ventiiculography 

The mast frequent adverse reacbons are 
faciat Hush ang a feeking of body warmth 
pref dutabor in dauble-Diind cimical t 
duced less discomtont upon uechan i 
compared to variDus other cantrast ag 
include the following. 

Hypersenssitivdy reactions Dermal mam 
cata wilh or without prurdus. eninemna and 
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nausea vomiting, 
£ ate usually of 
& HEXABHIX pro- 

ical) when 


her reactions 
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eni 



















ed ta the 


iulhiness cough 


Moms relat 
ude sneezing. nasai s 
_ chest lightness amd wheegnng, which 
estations gi more severe and infrequent 
alic attack. laeyngaspasm and Broni- 


peripheral and ange 
respiratory system 
ing, choking, dysp 
may be miai mar 
reactions including asthe g 
chospasm wih or without edema, pulmonary edema, apnea 
and cyanosis Rarely these allergic fype reactions can Mo- 
gess into ananhnylaxis wih loss of consciousness. coma. 
Severe cardi vasculat c 
Cardiovascular rei 
ingand venosgasm ( pally hrambosis or. rately Brom- 
bophlebitis Extremeh s ot disseminated intravasculat 
coagulation resulting in death have been reported. Severe 





















cardiovascular responses onclude rare cases of hypotensive 
shock, coronary msutheency, cardiac arrhyhova. Hibrdiabion 





and arrest. These severe reactions are usually reversible wilh 
prompt and appropriate management, however. fatakdies have 


GEELES 








Technique reactions: Exttavasation with burning pain, he- 
mainas. ecchymosts and tissue necrosis, vascular constric- 
hon due ta injection rate, thrombosis and thrombophlebitis. 

Neurological reachons: Spasm, convulsions, aphasia, Syn- 
Cope, paresis, paralysis msulling from spinal cord iniury and 
pathology associated with the syndrome of transverse myeli- 
tis, visual held losses which are usually transient but may be 
permanent, coma and death. 

Other reactions: Headache, trembhing. shaking, chills with- 
aul fever, hyperthermia and lightheadedness. Temporary renal 
shutdown of other nephropathy 

Pediatric angiocardiography has been complicated by in- 
tamaai injechon with marked adverse effects on cardiac 
tunction. 

During selechye coronary arteriography with or without tefi 
yentriculography, patients may have clircally insigndicant 
ECG changes. The following adverse eflects have occurred in 
comunction with the administraten of iodinated intravascular 
contrast agents for this procedure: hypotension, shock. angi- 
fal pau, myocardial infarction, cardiac arrhythmias (bradycar- 
dia. ventricular tachycardia, ventricular libration) and cardiac 
arrest. Falahties have been reported. Coreplicatians to the 
procedure inciude dissection of coronary arteries, dislodge- 
ment of atheromatous plaques, perforation. hemorrhage and 
thrombosis 

Following penpherat arteriography, hemorrhage and ihrom- 
bosis have occurred at the puncture sde pi the percutaneous 
injection. rachat plexus injury has been reported Toltowing 
axiltary artery injection 

The major causes ot cerebral arteriographic adverse peac- 
tions appear to be repeated injectans of the contrast material, 
administration ef doses higher than those recommended, the 
presence of occlusive atheroscterotic vascular disease and the 
method and techreque of iechion. Adverse reactions. are 
normally mid and transient. A feeling of warmth in the Tace 
and neck is frequently experiencec. infrequently, a more severe 
burning discomfort is observed. Transient visual halusna- 
tions have been reported. Seraus neurological reactions that 
have been associated with cerebral angiography and nol tisted 
under Adverse Reactions include stroke, amnesia and respir- 
atory ddficufties. Visual field defects with anopsia and reversi- 
bie neurological delio lasting fram 24 hours to 48 hours have 
been reported Confusion, disorientation wih hatlucination, 
and absence of vision sometimes tasting far one week have 
also been reported Cardiovascular reactions thal may occur 
with some frequency are bradycarcia and either an increase of 
decrease in systemic blood pressure. The blood pressure 
change is transient and usually seques na treatment. Ar 
thtography may induce jomi pam or discomfor! which is 
usually mid and transient but occasionally may be severe and 
persist for 24 to 48 hours following the procedure Effusion 
feguiring aspiration. may occur in patients wah rheumatoid 
arthritis. Fever and pain. cramping and tendemess of the 
abdomen have beer reported followeng hysterosatpingography 


OVERDOSAGE 

Overdosages may occur. The adverse effects of overdosage are 
ide-ihreatening and affect mainly fe pulmonary and cardio- 
vascular systems The symptoms may include cyanosis. brady- 
cardia, acidosis. pulmonary hemorrhage. convulsions. coma 
and cardiac arrest. Treatment of an overdose is directed toward 
the support o! ail vital funchons and prompt institution. of 
Symptermatic harap 

loxagiate salts are dialyzable 

The intravenous LD, values of HEXABRIX in grams of 
iodine’ kilogram body weight) were 117 qikg in mice, 28 gikg 
nals. 5 4 gikg in rabtets and 102 g/kg im dogs 


DOSAGE AND ADMINISTRATION 
Details on dosage are provided in the package insert. 
CONSULT FULL PACKAGE INSERT BEFORE USE. 
Rev. Jan. 1987 
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E I electrocardiogtaphic aainifestitions of ischemia 


- depression or T-wave changes.'? Continuous electro- 
e cardiographic monitoring. of patients. with. angina at 









ges appearing in different patients or even in the 
ne patient. during. different episodes.'^ Hemody- 
mic monitoring of patients with angina at rest has 
- shown that transient reduction in coronary blood flow 


< plays a major role in this kind of angina,* leading to ae 
7 concept of dynamic stenosis.5 Vasospasm : or increase — 


| Methods - 


in coronary tone, transient platelet aggregation,’ 


rupture ofa plaque,® thrombus formation and lysis? are - 
the supposed causes of this acute reduction of coro- g 
| nary flow and are not mutually exclusive.9:? Radioiso- - 


J 





topic studies have shown different perfusion patterns 
-during ischemic episode with different electrocardio- 









th CNR institute sof Clinical i Physiology, Pisa, Maly. Man- 


Elect 'ocardiographic. Manifestations 
n-Hos e " D A4 Tra 


graphic daas 132 2 However, information. € co 
transient ST-segment. elevation, ST-segment. 
different electrocardiographic manifestations 
late with short- and long-term prognosis is sc 
rest has documented different electrocardiographic I 


. ferent atherosclerotic involvement of the corona 


tive. patients. of all ages and both sexes drawn 
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ing the frequency of ischemia at rest and hi 


Herein, we provide evidence that different electr 
diographic changes during: angina at rest imply 
ent susceptibility to coronary vasoconstriction. 





teries and different acute risk for arrhythmias, 
myocardial infarction and death. 


Patients: The study group consisted of 652 con 


2, 069 patients referred to our Institute between. 


coronary artery. disease. The criterion for entering 
— was the documentation of — and 
























































of ischemia, these were considered ischemic 
accompanied by typical angina (group 2]; (3) ST- 
nt depression of at least 0.1 mV (group 3}. Pa- 
with different electrocardiographic changes in 


de of ST-segment elevation was documented (67 
nts); patients with T-wave changes in some epi- 
and ST depression in others were included in 
> 2 (8 patients).!! Patients with acute myocardial 
ction who, after enzyme levels returned to nor- 
had ischemic episodes at rest were also included 
patients). In all cases the time of enrollment corre- 
ided to the documentation of ischemic episodes in 
nstitute. 

slinical evaluation: Myocardial infarction was di- 
osed if 2 of the following criteria were satisfied: 
onged chest pain, new Q waves, typical increase in 
jac enzymes. Hypercholesterolemia was consid- 
0 be present if serum cholesterol was >240 mg/ 
pertension if blood pressure was >160/95 mm 
r if there was a history of antihypertensive 
nent. 

ntinuous. electrocardiographic monitoring was 
rmed in 616 patients for at least 3 days. The 





olymorphic ventricular premature complexes, 
ricular tachycardia and ventricular fibrillation. 
;omplete 12-lead electrocardiograms were record- 


tute the procedures for patients with angina were 
duced in the diagnostic protocol in 1974. 

. sitting multistage bicycle stress test was per- 
ed by 476 patients before cardiac catheterization. 
oints for the test were: 90% of predicted maximal 
rate, fatigue, dyspnea, occurrence of diagnostic 
gment changes (ST-segment shift of 0.15 mV, 


s or decrease of arterial pressure (>10 mm Hg]. 


are rather notispecifie : : 


rent episodes were included in group 1 if at least 1- 


m or conduction disturbances documented dur- 
e ischemic episodes that were considered for 
sis were: second- and third- degree atrioventric- 
lock, bigeminy, trigeminy, couplets, repetitive 


uring anginal episodes whenever possible. In our 


sconds after the J point], angina, rhythm distur- | 












o monitoring. à er stress testing and, usually, 
before cardiac catheterization, according to the fol- 
lowing protocol: injection of placebo and of 0.05, 0.1, 
0.2 mg of ergonovine maleate at 10-minute intervals; 
12-lead electrocardiogram and cuff-arterial pressure 
were recorded every minute. The test was considered 
positive when ST-segment elevation or depression or 
obvious T-wave changes occurred. The test was re- 
peated during catheterization in 52 patients who had a 
positive test result in the coronary care unit. 
Coronary arteriography was performed in 561 pa- 
tients; lesions producing 250% diameter reduction 
were considered significant. A left ventricular angio- 
gram was obtained in the right and left anterior 
oblique projection in 535 patients. Each segment (ante- 
rolateral, apical, inferior, septal and posterior] was 
considered as normal, hypokinetic, akinetic or dyskin- 
etic and, accordingly, scored as 0, 1, 2, 3. Good ventric- 
ular function was defined by normal ventricular con- 
traction or by hypokinesia in only 1 of the 5 ventricular 
wall segments (score 0 to 1), moderately altered ven- 
tricular function was scored 2 to 3 and severely im- 
paired ventricular function was scored 24. In 96 pa- 
tients coronary dye injection was repeated during an 
anginal episode (spontaneous in 44, ergonovine-in- 
duced in 52). Coronary spasm was diagnosed as a tran- 
sient coronary artery diameter reduction accompanied 
by evidence of transient myocardial ischemia, such as 
anginal pain or ST-T changes, reversing with sublin- 
gual or intravenous nitrates. 
Drug administration during hospitalization: The 
treatment, homogeneous in the 3 groups, consisted of 
oral, sublingual or transdermal nitrates; | in | patients 


fered — A PIG IR dinitrate + up to 10 mg/ | 


hour). In case of persisting symptoms the drugs used in 


addition to nitrates varied over the years and were f 


blocking agents (propranolol up to 240 mg/ day) during 
the first 4 years and, subsequently, calcium antagonist 
drugs. Verapamil was usually given, either orally (up 
to 480 mg/day) or by continuous intravenous infusion 


FIGURE 1. Detection per year of ST-seg- 
ment elevation (solid bar), T-wave changes 
(shaded bar) and ST-segment depression 
(stippled bar). 
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Entire 


Population 
(n = 652) 








(n = 295) 





92 (87%) 





Group 2 








221 (88%) 





NS 


Group 3 p Value (Group) 
(n = 106) (n = 251) 1-2 1-3 2-3 
























CAD = coro na ria 2 





and 3. 


(dup to 120. m mg/day), to patients with persisting symp- 









ifed pine bs to due Peia? was used in 68 


| ple comparison of continuous variables. — 


Results - 


— and. Titty. f myo a 
i ischemia p represented 2 3: 27 






a te eue Daum — ocho: 







patie utents]- ! : 
- Clinical shaniifestations:.’ 





vided according to the different electrocardiographic 


changes during ischemia are reported i in Table I. Pa- 


tients in group 3 were more likely to have a history of 

ischemic heart disease dating many years back, a his- 
_ tory of mixed (rest and exercise-induced) angina and a 
. previous myocardial infarction. No differences among 
ups were o found — risk. — — for 


Male sex 589 (9096) | 276 (94%) 

Age (yr) 5449 5418 52 t9 5548 NS NS 

Duration of symptoms 3.645 2.9 4 3.2 14 4745 NS Á «001 «0.01 
of CAD (yr) " 2 4 748 

<3 months of history. 105 (16%) — 68 (2396) 17 (16%) 20 (8%) NS «001 «0.05 
of CAD ! l — 

Histoyof — | oP det ee 
Onlyrestangina 190 (29%) 121 (41%) 34 (32%) — 35 (14%) NS <0.01 «0.01 
Only exertional angina — 23 (4%) 8 (3%) 4 (4%) 11 (4%) NS NS NS 
Mixed angina __ 431 (66%) 163 (55%) 67 (63%) 201 (8096) NS <0.01 «0.01 

No history of angina 8 (1%) 3 (199) = 1 (6(1*8) 4 (2%) NS NS NS 

Previous — 284 (4496) 112 (38%) 49 (46%) 123 (49%) NS . «0.05 NS 

. infarction — — 3 m vu 4 | 

Risk factors | mE | "LE : 
“OH o Wa 122 (1996) — 56 (19%) — 14 (13%) ^ 52 (2196) NS — NS NS 
E ension 153 (23%) 64 (22%) 24 (23%) — 65 (2696) NS . NS NS - 

Spey history of IHD .292 (45%) 124 (42%) 50 (47%) 118 (47%) NS ONS NS 
Diabetes mellitus: t 105. (16%) — 47 (1696) 16 (1596) 42 (17%) NS -NS NS 
Obesity . .  .84(109$) 26 (996) 15 (1490) 23 (996) ^NS. NS NS 

NU (78%) 244 183%) 79 (75%) NS «0.05 NS 


tery disease; IHD = = — heart disease. pu NE id 
* 1-2xp value: between. groups and 2; 1-37 -p value between groups 1 and 3; 23- "p. p value between groups? 


.rest were significantly more frequent in group 
, finding of ST-segment elevation during effo 
2 considered as a sign of exercise-inc 
^ spasm,? was more frequent i in groups 1 and 2 tł 
e- group 3. Occasional episodes of ischemia in an 
ie . different from the usual one (inferior rather than 
-— rior or vice versa), characterized by the usual 
E changes, w 
 in6(696) of group. 2and in 7 (3%) of group 3. Patie 


episodes. at rest. During ischemic episodes, the 


1 observed in: patients. with ST-segment elevatio 
particular life-threatening arrhythmias, such as 


. uei keek (295 E in patients from group 1, with 1 exception. 

|. tests performed i in these. patients, 134 were po: 

2 _ the positive results were higher in group 1 (Table 

| d The + dinal: bant : 
tions in the entire group. and in the 3. groups subdi- depression were more likely to have multivesse 


„ease compared with group 1 (p «0.001) and group 


-occluded the lumen) than in groups 2 and 3. Erg 


sion of a coronary artery in groups 1 ang 2, rar 
us group 3 (only 1. of b Mabe, — 
In-hospital complic y 


188. — 





































. changes (bothar anterior and inferior) during ische) 


were observed in 25 patients (9%) of gr 


group 1 were also more likely to have asympto 





ythmias and conduction disturbance 





tricular tachycardia, ventricular fibrillation and: 
degree atrioventricular block, were documented 


 Ergonovine test in coronary care unit: Of the 
Angiographic findings: Patients with ST-segn 


«0.01]; moreover, they frequently showed poorer: 
tricular function (p «0.01 and p «0.05, respectiv 
(Table III). Spontaneous spasm was documented r 
frequently in group 1 (in 24 of 35 cases it comple 





vine-induced spasm frequently led to complete 












Entire —— 
Population Group 1 
(n = 652) 





Abnormal basal ECG 
Exercise stress test 
Negative test 
ST elevation 
ST depression 
Site of ST-T changes 
during transient 
ischemia 
Anterior 
inferior 
Both 
Asymptomatic episodes 
Dysrhythmias during 
ischemic episodes 
Positive ergonovine 
test in CCU 


478 (73%) 
476 (7395) 
128 (2796) 
83 (1796) 
265 (5696) 


443 (6896) 
123 (1996) 
86 (13%) 
197 (30%) 
120 (1896) 


134/163 
(8295) 


83/89 
(9396) 


and 3. 


over, 3 patients died because of malignant ar- 
mias. In all 54 patients but 2, the site of infarction 
sponded to the site of ST-T changes documented 
g transient ischemia before infarction. Statisti- 


luration of symptoms, presence of a previous 
ardial infarction, response to exercise stress test, 
ber of diseased vessels and impaired left ventric- 
function. Infarction and death were more fre- 
it in patients with ST-segment elevation during 


or ST depression (p <0.05) (Table IV). Although 
h was more frequent in patients with ST-segment 


ricular function, these findíngs were not signifi- 


e of the small number of deceased patients. _ 

he complication rates in the population with is- 
nia at rest were remarkably higher (p «0.01) than 
ie 1,417 patients admitted in the same period 
uspected or documented coronary artery disease 
ihom documentation of ST-T changes was not 
ined (8 deaths and 17 nonfatal myocardial in- 
ions}. | 


cussion — 

requency of myocardial ischemia at rest: The pa- 
included in our study may be representative of 
tire cohort of patients with myocardial ischemia 
. We found that ischemia at rest is not a rare 
ion. The frequency of patients with ST-segment 
ion and depression is nearly the same, whereas 
ng of T-wave changes is rarer. Reported infor- 


on the incidence of ischemia at rest is scarce. 





hanges in 18 to 















(n = 295) 
207 (7096) 
206 (7096) 
75 (36%) 
52 (2596) 
79 (3896) 


181 (6195) 
101 (3496) 
13 (4%) 
134 (45%) 
89 (3096) 


CCU = coronary care unit; ECG = electrocardiogram. 


significant differences were not found between | 
its with and without complications regarding - 


na at rest than in those with T-wave changes {p = - 


ation, severe coronary atherosclerosis and poor 


ly different from those of survivors, probably be- _ 





_ber-of patients 





Group 3 p Value (Group)* _ 
(n= 251) "712 1-3 23 


Group 2 
(n = 106) 
















































182 (7396) «0.001 NS «0.05 
191 (7696) NS NS NS 
23 (12%) | NS — «001 «001 
9 (5909) NS «001 «001 
159 (83%) NS «001 «001 


89 (84%) 
79 (75%) 
30 (3896) 
22 (2896) 
27 (34%) 


175 (7096) 
10 (496) 
66 (26%) NS 
52 (21%) 
24 (10%) 


«0.01 NS 

«0.01 
«0.01 
«0.01 
«0.01 NS 


87 (82%) 
12 (1196) 
7 (7%) 
11 (1096) 
7 (7%) 


17/27 
(63%) 


34/47 
(72%) 


<0.05 NS 


* 1-2 = p value between groups 1 and 2; 1-3 = p value between groups 1 and 3; 2-3 = p value between groups 2 


only 8%. ST-segment elevation was found in 995,!5 
277,18 3196,17 42% 1819 and 46% of patient popula- 
tions with documented ischemic episodes and in 2 to 
37» of patients with chest pain undergoing cardiac 
catheterization??? These conflicting data might be 


explained by considering that most of patients with 


ischemia at rest and particularly those with ST-seg- 
ment elevation have either short episodes of chest pain 
or completely asymptomatic ischemic episodes that 


cannot be documented without continuous electrocar- 


diographic monitoring.’ In fact, in our Institute, the 
detection of ischemia at rest increased from 4 or 5% 
per year to 31% when we introduced the practice of 


; Submitting all patients with suspected coronary artery — 


disease to continuous electrocardiographic monitoring 
and to a complete 12-lead electrocardiographic re- 
cording during chest pain at rest. This practice allowed 
us to document episodes of ischemia at rest even in 
patients without a history of angina (1% of our popula- 
tion) or in patients with no history of angina at rest, but 
only of effort angina (4%). Thus, the frequency of is- 
chemia at rest seems to be strictly correlated to the 
amount of attention given to looking for it. Undoubted- 
ly, the incidence of ischemia at rest is higher than the 
one we report, because our methodology does not al- 
low the detection of most of the asymptomatic episodes 
or ischemia in the absence of ST-T changes. Of the 
1,417 patients without electrocardiographic changes, 
448 had chest pain during hospitalization and the elec- 
trocardiogram recorded in 423 of them was un- 
changed. In 13 patients, not included in the 652 of this 
series, myocardial ischemia has been detected only 
because of more sophisticated techniques (such as 
echocardiography, thallium-201 scintigraphy during 


pain), but these latter were applied to a limited num- 









Entire 
Population Group 1 
in = 561) in = 243) 







No. major coronory 
arteries narrowed 
250% in diameter 







































0 52 (990) 22 (996) 
1 |. 169 (3096) 103 (42%) 
2 140 (2596) 60 (2596) 
3 -154 (27%) 49 (2096) 
Left main — Ed (8%) 9 (495) 
Spontaneous c coronary . "T" 

. spasm — M 44 . (896) 35 (14%) 
Complete - -. 29 (596) 24 (1096) 
incomplete... — f ES ps Ww (8%) it (596) 

Ergonovineinduced | M 
coronary spasm B ^2 i 36 
Complete M 24 19 
Incomplete 28. 17° 
l Left ventricular 
| “contractility. 

(535 patients) ae | 

Good (score 0-1) . .. 858 uo 120 (5296) 
Moderately altered ; EM 
.  (score2-3) | 7483. (2596) | 59 (2696) - 


. Pon (scor LE we (28%) (49 (22%) — 





f patients with ST depres- 











findings in patier l 
found. by. Demoulin eta 


tients with ischemia | a 


. our experience the clinical. 











| results. 


: ‘Electrocardiographic pattern during ischemia at 
| rest and coronar VaSOSDaE EC ) qid indicate a dif- Es 










ferent susceptibility to coi 
patients with ST-segme 





those with ST depressio in T-wave. i ly "de 
c observation of spontaneous i 


though the angiogräphi : 
spasm is made by chance, in our experience it is more 


frequent i in patients with ST-segment elevation (14%) 
y ve changes (8%) or with ST- 


than it in those. with T 





‘he hypothesis of a differ- 
y spasm in the 3 groups of 


Group 2 Group 3 p Value (Group* — 





20 (21%) 85 (88%) f . 


E “1-25 =p value between groups 1 and 2; 1-3 = =p value between groups ] and 3; 23- =p value between groups 2 


ila . tients with. ST-segment depression. In addition 
— D a at rest, Bat bot | 


€ ter having a more Jeoper- 
} ST-segment- depression. This different incide 
je; gment depression were. : 
19 Sclarovsky et al? and De - 
Servi et al,2° who reporter on the largest: series of pa- E 


al!5 (based on a small number oí pati ents) Ban Russel et. 
n clinical char- 
| 79 pa vith ot .. pothesis may explain these results. The possibilit 
tion and 209 with ST depression. or "Drweve changes; in 
| and scintigraphic find- 
5!! of patients with ST-segment depression. differ | 
: 1 those of patients with T-wave changes, and — 
T grouping. them together may explain these different | 





d by the results of ergo- 
videly used test — 


(n = 97) (n = 221) 1-2 1-3 2-3 









18 (19%) — 12 (6%) a 
31 (32%) 35 (16%) S TET 
21 (22%) 59 (2796) > NS. | «0.01 «0.01 





7 (7%) 30 (149). 


3 (3%) 6 (3%) «0.01 «0.01 NS 
2 (2%) S344) =o = o 
1 (09) 304%) — — — 


6 10 © NS . «005 NS 
4 ! ONS «005 NŠ 
2 |. .NS <0.05 NS 


49 (52%) — 84 o% | 


21 (22%) 58 (2596)] «0.01 «0.01 
24 (26%) 76 Bex] 













— spasm with — of the lumen i 


ergonovine test in the coronary care unit prod 
ischemia more frequently i in patients with ST-seg 
- elevation than in those with T-wave changes | 


- responders in the 3 groups, although support 
hypothesis. of a major sensitivity to vasocons 
stimuli in patients with ‘ST-segment elevation, 
the problem of why some patients with docume 
- ischemic ST-T changes at rest during the same 


 talization period are nonresponders. More thai 





n the test was performed in a waning phase is not 
likely, because of the occurrence of spontaneo 
chemic episodes during the same hospitalization p 
od; however, ‘waxing and waning periods do 
unpredictably. In patients with ST-segment de 
sion, in whom the spontaneous episodes usuall 
notcaused bya a complete coronary spasm, even a sl. 
reduction in the susceptibility to vasoconstrictive s! 
uli could be responsible for a minor response to e 
novine with no consequent ischemia or less exte 
ischemia, not detected by the electrocardiogram 
occurrence of coronary spasm in patients with a 
at rest in the absence of ischemic ST-T change 
been described by Feldman et al. On the other | 
we have to consider that the pathogenetic mec! 
-of reduced coronary blood flow in patients with 
at rest may not always or not only be corone 
constriction; other. hypotheses, such. as 










T T 



















Nonfatal Acute 


Total Myocardial Infarction Death 
No. (n = 57) (n = 44) (n = 13) 
ST-segment elevation 295 36 (12%) 27 (9%) 9 (3%) 
T-wave changes 106 4 (4%) 3 (396) 1 (196) 
ST-segment depression 251 17 (796) 14 (696) 3 (196) 
Coronary angiography l 
Total 561 46 36 10 
No. coronary arteries 
narrowed 250% in diameter 
0 52 1 (2%) 1 (296) — 
1 169 21 (1296) 18 (11%) 3 (296) 
2 140 8 (696) 8 (6%) — 
3 | 154 12 (896) 8 (596) 4 (3%) 
Left main. 46 4 (8%) 1 (296) 3 (796) 
Left ventricular angiography 
Total |. 535 40 32 8 
Score 0~1 253 13 (596) 12 (596) 1 (0.496) 
Score >1 282 27 (1096) 20 (796) 7 (396) 








































e and extensive coronary atherosclerosis is pre- 
compared to patients with ST-segment elevation. 
hort-term prognosis: The 2% in-hospital mortali- 
and the 7% in-hospital nonfatal acute myocardial 
rction incidence in our 652 patients are similar 
he data reported previously for unstable angi- 
18.20.25.26; our data ranges among the lower figures. 
: different criteria of selection for the populations 
h unstable angina precludes a valid comparison 
our patients; however, the most recent studies 
adopted our criteria of transient ST-T changes for 
ering these studies. A few studies have reported the 


electrocardiographic changes during ischemia. 
ssel et al’® reported 1 cardiac death of 42 patients 
h ST-segment elevation, but did not report in-hos- 
al mortality for the ones with ST depression or T- 
ve changes; Théroux et al** reported 3 deaths of 100 
ients with ST depression or T-wave changes; De 
vi et al? reported 7 deaths of 220 patients with ST- 
ment depression and only 1 death of 219 patients 
h ST elevation or normalization of inverted T 
ves; in this latter group, the proportion of patients 
h ST-segment elevation and those with T-wave 
nges is not clarified, and we found a better in- 
pital prognosis in patients with T-wave changes 
pared with those with ST-segment elevation. 

-hospital acute myocardial infarction was found 
70,18 147,7 and 25%" of patients with ST-seg- 
elevation and in 4%,26 57,1920 and 795,16 of pa. 
swith ST depression or T-wave changes. A recent 
r series with ST elevation?? does not report sepa- 
; in-hospital and late prognosis; however, the in- 
gators report 12 {7%} infarctions and 7 (4%) deaths 
9 patients in the first month of follow-up. All 
| on — elevation suggest cer unfavorable prog- 





rate short-term prognosis of patients with differ- 








variant angina,“ 28 had an acute myocardial infarc- 


tion; however, 14 of them, admitted to our Institute 


from other hospitals because of angina at rest accom- 
panied by ST-segment elevation, with the clinical fea- 
tures of impending infarction, developed acute myo- 
cardial infarction on the first day of admission and 


.ST-T changes were documented in our Institute only 
thereafter. These patients were considered in the for- 


mer study as patients with resting angina complicated 
by infarction, whereas in the present study they were 
considered as patients with postinfarction ischemia. 
In the present series the incidence of arrhythmias, 
acute myocardial infarction and consequent death 
during the acute phase is higher in patients with ST- 
segment elevation compared with the other 2 groups, 
despite the fact that their coronary anatomy and ven- 
tricular function are similar to those of patients with T- _ 
wave changes and significantly better than those of 
patients with ST-segment depression. The only differ- 
ence between patients with ST-segment elevation and 
the other 2 groups is the greater susceptibility to coro- 
nary spasm; thus, during the acute phase, prognosis 
seems to be related to the susceptibility to coronary 
spasm. However, most of the patients who died had 
severe atherosclerosis and abnormal ventricular func- 
tion, therefore leading to the assumption that coronary 
spasm is more detrimental in the presence of severe 
coronary atherosclerosis and poor ventricular func- 
tion. Our data are only apparently in conflict with 
those of Sclarovsky et al,?? who found a higher mortali- 
ty in unstable patients with ST-segment depression 
evolving to myocardial infarction; actually, the larger 
number of deaths in our patients with ST-segment ele- 
vation may be thought of as the consequence of the 
more frequent occurrence of infarction and arrhyth- 
mias in this group. 
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fcis testing is widely used t 
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ch iene 2 pepe ee With 
ac acting anti scher drugs, 


ig. at various times of the day to determine the 
ation of action of a given. dru 
variation, exercis tests were performed on 
patients, aged 53 to 75 years, with established 
ic stable angina on 2 occasions 5 days apart 
10 am. and 4 p.m. on each day. On day 1, the 
ean + standard error of the mean exercise time 
5.0 + 0.4 minutes at 10 am. and 5.1 + 0.4 
es at 4 p.m, and on day 5, it was 5.6 + 0.4 
es at 10 am. and 5.5 + 0.4 minutes at 4 p.m. 
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ents to tabulate the number of episodes of pain 
experience in a defined time span and/or to count 
umber of nitroglycerin tablets they consume as a 
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ina pectoris is a symptom. complex and is one of 
y manifestations of ischemic heart disease that 
irst described in 1772 by Heberden.! Anginal 
sa symptom of intermittent myocardial ischemia 
s characterized by unexplained variability, re- 

s and exacerbations?* which accompanies and 
n precedes a condition that causes acute infarction 
sudden death.* The pathophysiology of myocardi- 
chemia is not fully understood, but association of 
pectoris with obstructive coronary artery dis- 
s frequently been reported. 58 The patient's his- 
f typical anginal chest pain is still regarded as 
of the most sensitive indicators of the likelihood of 
presence of significant coronary artery disease." 
evaluation of antianginal and anti-ischemic drugs 
difficult task,? and it is not good enough to ask 


These values did not differ in statistical significance. 
Similarly, the time to the development of 1 mm of 
ST-segment depression did not show any statistical- 
ly significant change during either test period on ei- 
ther day nor did maximal ST-segment depression. 
Heart rate at rest was 79 + 3 beats/min at 10 am., 
81 + 3 beats/min at 4 pm. on day 1 and 78 + 2 
beats/min at 10 am. and 80 + 3 beats/min at 4 P.M. 
on day 5 (difference not significant). Similarly, no 
significant changes were observed in maximal heart 
rate or rate-pressure product at peak exercise. 
Thus, it appears that if exercise tests are performed 
under standardized conditions at the same times of 
day, no significant diurnal variations in cardiovascu- 
lar function are likely in patients with chronic stable 
angina. The test, therefore, is reliable for the evalu- 
ation of anti-ischemic drugs. 

(Am J Cardiol 1988;61:38-42) 








test of efficacy of a given antianginal drug. Neither is a 
true measure of the degree or intensity of the disease 
process. Thus, it is essential to measure the response to 
a given therapeutic agent under standardized condi- 
tions that will provoke both angina and myocardial 
ischemia. Since the imbalance between oxygen de- 
mand and coronary blood flow is created by stressing 
the myocardium, it is logical to use exercise stress test- 
ing to the point of angina under controlled conditions 
as a test of drug efficacy,?-!! and this can establish the 
relation between symptoms and ischemia and indi- 
rectly can identify coronary artery disease.!? However, 
little information is available on the diurnal variation 
of exercise test response in patients with chronic stable 
angina.!?^^ With the advent of new long-acting once- 
daily anti-ischemic drugs, it has become vital to per- 
form the test at various times of the day to establish the 
effect and duration of action of new drugs on quantifi- 
able variables. Such a study was, therefore, undertak- 
en in patients with established chronic stable angina 
pectoris due to coronary artery disease. 
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re entry. All ae were poe ray em Mts 
t ischemic clinic and the presence of coronary ar- 
disease was confirmed by selective coronary arte- 
raphy in 32 patients and previous myocardial 
infarction in 9 patients. Written informed consent was 
obtained from each patient, and the study was ap- 
proved by the Ethical Committee of Northwick Park 
Hospital. All patients had to fulfill the inclusion and 
exclusion criteria reported previously.!9!9 

Inclusion criteria: The patients were required to 
‘have symptomatic stable angina associated with hori- 
zontal or downsloping ST-segment depression of 1mm 
-or more on maximal treadmill exercise testing, and 
relieved by rest or sublingual glyceryl trinitrate, or 
both, with a minimum incidence of 4 attacks per week. 
AIL the patients developed classic anginal pain on 
‘treadmill exercise testing and at least 1 mm of ST- 
segment depression with a slope of <0.1 mV/s in two 
bipolar leads (CM5 and CC5) during exercise. Only 
patients physically capable and mentally motivated 
for repeated treadmill exercise were entered into the 
study. 

Exclusion criteria: Patients older than 75 years of 
age and women of childbearing age were excluded. 
‘Patients with myocardial infarction within the last 4 
ths, unstable angina and severe symptoms clini- 
; judged as making them unsuitable for repeat ex- 
se testing were also excluded. Cardiac failure, 
bronchial asthma, peripheral vascular disease, resting 
essure levels >160/100 mm Hg and insulin- 
ndent diabetes mellitus were other exclusion cri- 
1. Any patients receiving diuretics, digitalis or oth- 
cardiovascular medications were also excluded 
é the study. Any patient showing more than 0.5 mm 
‘ST-segment depression on standing, hyperventilation 
or the Valsalva maneuver or not developing classic 
angina during the initial (“diagnostic”) treadmill exer- 
cise test or not developing 1 mm ST-segment depres- 
sion in both bipolar leads was excluded. 


















































































.. Study design: After withdrawal from their current. 







ianginal treatment, all patients were maintained on 
ingual glyceryl trinitrate to control anginal pain 
period of at least 2 weeks. On day 1 of the study, 


patients were asked to come back in 5 days to repeat 
the tests. No placebo was given during this study and 
patients were not allowed to take any cardioactive 
agent other than sublingual glyceryl trinitrate to abort 
anginal pain. | 

Exercise testing: All exercise tests were performed 
at least 2 hours after a light meal in the morning and 
afternoon. The patients arrived at the exercise labora- 
tory at least 30 minutes before the test and rested com- 
fortably. They were instructed not to smoke or take 
ngual drei trinitrate tablets at least 1 hour be- 





‘cise tests were performed at 10 AM. and 4pm. and. 
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Electronics) A modified Chung's treadmill ex 
protocol! was used and is shown in Table I. The 
mill speed and gradient were automatically cont 
by the computer and were calibrated regularl: 
test was timed with a built-in digital clock to an a 
cy of 0.1 minute. All tests were continued un 
patients developed symptoms.1*6 The criteria f 
sation were moderately severe angina (which 
normally have limited the patient in his everyda: 
tivities}, dyspnea, fatigue, 3 consecutive ventricula 
topic complexes or a decrease in systolic blood | 
sure of 20 mm Hg or more. Standard safety proced 
and legal requirements as recommended for adu 
ercise testing laboratories by the American Hear 
sociation’® were strictly observed. Systolic blood 
sure was monitored at rest and every 3 minutes di 
and at peak of exercise using a mercury sph 
manometer. Two. bipolar. electrocardiograph 
(CM5 and CCS) were continuously monitored : 
during exercise, and for a minimum of 5 minute 
exercise. The. computer calculated ST-segment 
pression at the] pointin reference to the most ho 
tal part of the PR segment and expressed the res 
multiples of 0.1 mm. The averaged ST-segme 
pression, heart rate and ectopic beat count were 
ed automatically for both leads at each minute: 
and after exercise. The electrocardiogram duri 
entire test was recorded continuously as 25 beats 
ages at a paper speed of 1 mm/s with ectopic 
plexes being recorded in real time. At the end o 
test, the computer printed out the exercise time, 
mal ST-segment depression, heart rate and e 
beat count. A continuous trend plot of heart ra 
ST-segment depression in both leads was also 
tained. The measurement circuits of the com] 
were calibrated every day before each test. The d 
values of ST-segment change, heart rate, systolic bl. 
pressure and exercise time were stored on a tape 
sette and later played back into a PDP 11/23 mini 
puter (MINC: Digital Electronics Corporation). A 
gram calculated and stored all the following obje 
variables automatically at 1-minute intervals di 
and after exercise. (1) Exercise time; (2) restin 
rate; (3) maximal heart rate; (4) 1 mm ST-de 
time (time taken to develop 1 mm of S$’ 















min) | 





Day 1 Day 5 Day 1 


504 04 


10 am 56-04 3.8 X 0.4 
pm -. 51404 5.5 x: 0.4 3.3 0.4 
p NS NS NS 


value at rest; NS = not significant. 





| a Exercise Test Varlables in 41 Patients 













Resting Heart Maximal Heart Rate-Pressure 
Rate (beats/min) Rate —— Product (U) 
EIN Day 5 Day 1 (DayS Day! — Day5 p 







7943 7842 dqI£4 4743 417347 17948 NS 
8143 8043 12144 11944 194416 1804 10 NS 
NS — NS — NS NS E NS NS 













ata are — as mean + standard error of the mean. 
IS = not significant; rate-pressure product. = maximal heart rate multiplied 
ystolic blood pressure at peak exercise >and divided by 100. 


ABLE iv Exercise Test Variables in 41 Patients 












Systolic Blood Pressure 
at Rest (mm Hg) 


| “Systolic Blood Pressure 
at Peak Exercise (mm Hg) 








Day 1 Day 5 





Day 1 Day 5 Pp 











14243 























13242 13742 ! 147 £3 NS 
136 + 3 13112 6145 146 € 4 NS 
NS NS — NS —— NS 


> expressed as mean + standard error ef the mean. 
* not significant. 





cise multiplied by | maximal heart rate and divided 
tatistical analysis: The statistical analysis was per- 
d using Duncan's multiple range test!? and 0.05 
hosen as the 2-tail type 1 error level. All values 
pressed as mean + standard. error of the mean 





oy and developed. classic moderate to severe 


‘occasion. ‘The mean 4 SEM e exercise time to pro- 
ecd severe e angina. on treadmill exercise 


hest. pain after the development of 1 mm ST- 








| mm ST-Depres 
Time (min) 





sure product (systolic Blood pressure at peak at. 


! "xercise time: All 4i patents recruited completed | 


The mean exercise time to ‘develop moderate to 


ne is is fraught with diff 















Day 5 





39403 20402 20502 NS 
36403 22402 21402 NS 
NS o NS NS 





Data are expressed z as mean + standard error of the mean. 
Exercise time = ‘total duration of exercise; 1 mm ST depression time = time taken to develop 1 mm of ST-segment 
depression: relative to the value at rest; maximal ST-depression = ST-segment depression at peak exercise minus - 


ST-segment changes: The maximal ST-segment 
depression i in lead CM5 during treadmill exercise test- 
ing did not differ significantly between days and times 
(Table Il), The mean + SEM exercise time to the de- 
velopment of 1 mm of ST-segment depression in lead 


CM5 was 3.3 + 0.4 minutes on day 1 both during the 


morning and afternoon exercise tests and was 3.9 + 0.3 
minutes during the morning test and 3.6 + 0.3 minutes 


- during the afternoon test on day 5. Statistically, these 


values were not different significantly when com- 


pared with each other. Similar results were observed 
in. lead CC5. - 


- Heart rate, systolic blood pressure and rate-pres- 
sure product: There was no statistically significant 


change in the resting heart rate and maximal heart rate 


during exercise either on days 1 or 5 during the morn- 
ing or afternoon tests (Table III). Similarly, there was 
no significant. change observed in the systolic blood 
pressure at rest and during exercise as well as rate- 
pressure product (Tables III and IV) during the morn- 
ing and afternoon exercise tests on n both days. g 


Discussion 


Advances in exercise testing and evaluation Ja 
antianginal drugs: Master and Oppenheimer” intro- 
duced exercise testing to detect coronary insufficien- 
cy, and the significance of ST-segment depression 
during exercise has been accepted asa sign of myocar- 
dial ischemia.112 The recent advances in technology 
and the development of motor-driven treadmill have 
permitted accurate recording of the electrocardiogram 
even during exercise.?? Exercise electrocardiography 
is now widely used to assess cardiovascular perfor- 
mance and the effects of various treatments in patients 
with cardiac disease.2-26 The recent advent of new - 





long-acting, once-daily drugs for the treatment of 


chronic stable angina pectoris. requires the perfor- 
mance of exercise tests at various times of day in order 
to evaluate the duration of effect of a given therapeutic. 
agent. Therefore, knowledge of the reproducibility 
and diurnal variation of this method of assessment is 
essential for the accurate interpretation of results 
when investigations are repeated at various times of 
the day. The accurate evaluation of antianginal drugs | 









iculties.^^7 Conventional trials have 















lets and the frequen een 
|l exercise tolerance and spontaneous anginal 
cks are well recognized. 
'readmill exercise protocol, electrocardiography 
and patient selection: The results of this study suggest 
that the objective multistage maximal symptom-limit- 
ed treadmill exercise test is a readily applicable and 
reproducible method for the evaluation of antianginal 
and anti-ischemic drug treatment. All test conditions 
were carefully controlled. The treadmill exercise pro- 
tocol was carefully chosen, with an initial speed of 
only 2 miles/hour and no gradient, to include patients 
with severely restricted exercise tolerance. Subse- 
quent stages consisted of 4% gradient increases with 
speed held constant at 3 miles/hour. This established a 
steady walking rhythm; a stable electrocardiogram 
could always be obtained because no patient was re- 
quired to run. Patients were instructed to use the tread- 
mill bars for balance only and not to support them- 
selves or grip them tightly, to exclude the possibility of 
isometric exercise. Treadmill speed and elevation 
were automatically controlled by the computer and 
were calibrated regularly. Smoking on the day of the 
test was not. permitted. The endpoint of exercise test 
was the degree of angina that would normally have 
limited the patient in his daily life activities. During 
these tests, no complications were encountered nor 
bidity directly attributable to repeated exercise 
esting. All the patients were familiar with the exercise 
cedure and had performed at least 1 test before 
gthe study. All patients developed classic angi- 
T ng treadmill exercise with at least 1.0 mm of 
horizontal or downsloping ST-segment depression. 
Two bipolar electrocardiographic leads CM5 and CC5 
were monitored continuously during the entire test as 
averaged beats, whose combination has been reported 
to be as sensitive and specific as multiple lead system 
for detecting coronary artery disease.!!?9 To minimize 
observer bias, variations and error, all data were ana- 
lyzed on-line by the computer and the values were 
printed out digitally and used for further calculations. 
... Interpretation of exercise test variables and their 
producibility: The treadmill exercise time to the de- 
velopment of moderate to severe angina and to the 
development of 1 mm of ST-segment depression was 
found to be reliable and reproducible during morning 
and afternoon tests, as were heart rate measurements, 
including the resting heart rate, maximal heart rate 
and heart rate recovery. These findings are not in 
agreement with those reported previously,!?!^ proba- 
bly because of different patient population and labo- 
ratory conditions. The ST-segment depression was 
continuously averaged??3? each minute during and af- 
ter exercise, from which maximal ST change, time 
take 
5m 
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(heart rate times systolic blood pressure), a non 



































































eralize these results to the broader popu 
tients with chronic stable angina, such patie 
as close as is possible to providing a homogene 
group. is 
The reproducibility of the rate-pressure pr 





sive estimate of myocardial oxygen demand,?^? 
found to be high both during morning and afte 
exercise tests. Using moderately severe angina. 
endpoint of the exercise test, reproducibility wi 
served on duplicate tests after the first. The first 
usually performed more poorly than the subse 
tests and may be regarded as an opportunity to be 
familiar with the exercise testing staff, the equi 
and the nature of the anginal endpoints on the 
mill. The results of this study indicate that if th 
cise test is performed under controlled and sta 
ized conditions, it is highly reproducible, irresp 
of the time of day; because of its lack of diurnal 
tion, it provides a useful tool for the scientific eva 
tion of therapeutic drug efficacy in patients ^ 
chronic stable exertional angina pectoris. 
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The Third International Symposium on Cardiac Bioprostheses 
was held May 21-23, 1985, at the Grosvenor House Hotel, London. 
Six years have passed since the first meeting of this kind was held 
in Munich and 3 years since the second conference in Rome. The 
reassessment of the state of the art with biologic and bioprosthetic 
valves seems to have become a regular 3-yearly fixture reflecting 
the fast development of these devices, as well as the desire of 
surgeons and academics working in this field to share experiences, 
exchange ideas, and to resolve problems together. 

The London meeting brought together surgeons, cardiologists, 
pathologists, engineers, and basic scientists, and the 3-day program 
accommodated 96 formal presentations with nearly 7 hours of 
discussion. It is a credit to the session chairmen and participants 
that the discussions were frank, outspoken, but fair and always to 
the point, and they have been added to this volume, and they 
certainly enhance its value. 

This volume incorporates the work of the best specialists in the 
field, and should not be missing from your own professional 
library. 

The Editors are eminently qualified to do this book, Dr. Bodnar is 
with the Cardiothoracic Institute, London, England, and Mr. Yacoub 
is with Harefield Hospital, Middlesex, England. 
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Like a liquid, K-Dur 20 Microburst Release 


System is designed to disperse imme- 
diately. Minute, sustained action parti- 
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area. The potassium chloride is then 
slowly released. Rapid, wide dispersion 
followed by slow release of the potas- 
sium minimizes contact between the 
gastric mucosa and concentrated quan- 
tities of potassium chloride. 
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in a single drug. 


INOCOR I.V. rapidly helps 
achieve major goals of congestive 
heart failure therapy even in the 
ischemic patient. 

INOCOR I.V. increases 
cardiac output and decreases 
preload and afterload without 
increasing MVO, or significantly 
increasing the risk of 
arrhythmias. 

“INOCOR ts not like catechol- 
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Karl T. Weber, M.D. 
University of Chicago School of Medicine 
Michael Reese Hospital and Medical Center 





| 





CARDIAC 
INDEX 


+69 


Gaata —— 
— 16 


AFTERLOAD 
-41 


n=8. All patients had severe congestive heart failure due to coronary 
artery disease. Amrinone was infused at 2.5 mg/kg over 1 hour. Adapted 
from Benotti et al.’ 
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heart failure. 


Please consult Iuli product information belore prescribing. A summary follows. 
INOCOR lactate injection, brand of amrinone lactate, represents a new class of 
cardiac inotropic agents with vasodistor activily, distinct tram digitalis 

sides of catecholamines, — i 

ATIONS AND USAGE GNOCOR lactate injection is indicated for the 
short-term management of congestive heart failure in patients who can be 
closely monitored and who have nol responded adequately fo digitais, 
diuretics, and/or vasodilators) l 

INOCOR tactate injection is indicated for the short-term management of 
congestive heart faiture. Because of limited experience and potential for serious 
adverse effects (see ADVERSE REACTIONS), INDCOR stouk be used only in 
patients who can be closely monitored and who have not responded adequately 
to digitalis, diuretics, and/or vasodilators. Although most patients have been 
studied hemodynamically for periods only up to 24 hours, some patients were 
Studied for longer periods and demonstrated consistent hemodynamic and 
chnical effects. The duration of therapy should depend an patient 
fESPONSIVENeSS. . "" : 
CONTRAINDICATIONS INOCOR lactate injection is contraindicated in patients 
who are hypersensitive tb it, l 

is aiso contraindicated in those patients known to be hypersensitive to 

bisulfites. 
PRECAUTIONS General. INOCOR lactate section showd not be used in 
patients with Severe aortic or pulmonic valvular disease in lieu of surgical relief 
of the obstruction. Like other inotropic agents, i£ may aggravate outtiow tract 
obstruction in hypertrophic subaortic stenosis. " l 

During intravenous therapy with INDCOR lactate injection, hiood pressure 
and heart rate should be monitored and the rate of infusion slowed or stopped in 
patients showing excessive decreases in blood pressure. 


Patients who have received. vigordus diuretic therapy may have insuffi- 


cient cardiac filing pressure to respond adequately to INOCUR lactate injection, 
—— case cautious Hberalzation of fld and electrolyte intake may be 
indicated. 

Supraventricular and ventricular arrhythmias have been coserved in the 
very high-risk population treated. While amrinone per se has not been shown to 
be arhythmogenic, the potential for arrtythmia, present in congestive heart 
failure itsell, may be increased by any drug ar combination of drugs. 

Thrombocytopenia and hepatotaxicity have been noted Gee ADVERSE 


geras l l l 
LABORATORY TESTS Fiuid and electrolytes: Fluid and sactrolyte changes 
ang renal function should be careluBy monitored during amfinóne lactate 
therapy. improvement in cardiac outoul with resultant diuresis may necessitate 
a reduction in the dose of diuretic. Potassium loss due to excessive diuresis 
may predispose digitalized patients to artythmias. Therefore, hypokalemia 
Should be corrected by potassium supplementation in advance of or during 
amrnone use 

DRUG INTERACTIONS in a relatively limited experience, no untoward clinical 
manifestations have been observed in patients m whom INOCOR lactate 
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injection was used concurrently with the folowing drugs: digitals giycosides, 
idocaing, quinine, metoprolol, propranolol, hydralazine, prazesin, isosorbide 
dinitrate, nitrogivcerine, chlorthalidone, efacrynic acid, furgsemsde, ydrochio- 
rothiazide, spironolactone, captopni heparin, warlarn, potassium suppie- 
ments, insulin, diazepam. 

One case of excessive hypoterision was reported when amnnone was 
used concurrently with disopyramide. 

Until additional experience is available, concurrent admirsstrahon. with 
— E Should be undertaken with caution. 

IN ACUTE MYOCARDIAL INFARCTION INOCOR is not recommended 

for use in acute myocardial infarction. — l 
USE i Safety and effectiveness in children have not been 
estabushed. 


USE IN PREGNANCY Pregnancy category C in New Zealand white rabbits. 
amrinone has been shown to produce fetal skeletal and gross external 
malformations al oral doses of 16 mg/kg and 50 mg/kg that weredoxic for the 
rabbit. Studies in French Hy/Cr rabbits using oral doses up to 32 emgf«qiday did 
not confirm this finding. No mallormations were seen in rats recevi amrinone 
intravenously at ihe maximum dase used, 15 ma/kg/day (approximately the 
recommended daily IV dose for patients with congestive hear! faiture). There are 
no adequate and weil-controlled studies in pregnant women. Amrisone should 
be n during pregnancy aniy if the potentia! benefit justifies the potential risk 
to the fetus. 

USE IN NURSING MOTHERS Caution should be exercised when aminone is 
administered to nursing women, since iis not known whether iis excreted in 
human mik. l oa 
ADVERSE REACTIONS Thrombocytopenia: intravenous INOCOR lactate 
— resulted in platelet count reductions to below T00.000/mm^*in 2 485 of 
patients. 

Gastrointestinal effects. Gastrointestinal adverse reactions repartec with 
INOCOR lactate iniection during clinical use included nausea (17%. vomiting 
(0.93, abdominal pain (0.496). and anorexia (0.499. 
Cardiovascular effects. Cardiovascular adverse reactions repcted with 
INOCOR lactate injection include arrhythmia (399 and hypotension iR. 
Hepatic toxicity in dogs, al lV doses between 9 mg/kg/day and 32 mg/egiaay, 
amrinone showed Gose-telated hepatotoxigty mandested either ax enzyme 
elevation or hepatic cell necrosis or both. Hepatotoxicity has beer observed m 
man following Tong-tenm oral dosing and has been observed, in a united 
experience (0.298). following iV administration of anaien 2 
Hypersensitivity: There have been reports of severat apparent hypersensitivity 
reactions in patients treated with oral arnrinone for about two weeks, Sagns and 
symptoms were variable but included pericardilis, pieuntis, and ascies (tone 
case myositis with interstitial shadowing on ches! xay and slevated 
sedimentation tate (one case}. and vasculitis with nodular pulmonary densities, 
hypoxemia. and jaundice fone case}. The first patient died, aot necessanly of 
the possible reaction, while the last two resolved with discontinustion. of 
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therapy. None of the cases were rechallenged, so attribulion To amrinone is not 
certain, but possible hypersensitivity reactions should be considered in any 
patient maintained for a protonged period on amrinone. 
General. Additional adverse reactions observed in intravenous amrinone 
clinical studies include fever (0996). chest pain (0.299. and burning at the site al 
injection (0.2963. 
DOSAGE Doses of INOCOR lactate injection may produce hypotension | 
because of its vasodilator effect, i$ ths occurs, amrinone administration shoud 
be reduced or discontinued. No specifie antidote is known, But general . 
measures for circulatory support should be taken. . 
MANAGEMENT OF ADVERSE REACTIONS Pialelet count reductions: 
Asymptomatic plateiel count reduction (lo less than 150000/mm^i may be: 
reversed within one week of a decrease in drug dosage. Further, witino change | 
in drug dosage. the count may stabilize at lower than predrug levels without any : 
Clinical sequelae. Predrug platelet counts and frequent platelet counts during 
therapy are recommended fo assist in decisions regarding dosage 
modifications. 
O Should a pialele! coun! fess than 150.000/mm* occur, the following 
actions may be considered: 
* Maintain total daily dose unchanged, since in some cases counts have eif. 
stabilized or returned to pretreatment 'evels. ox 
* Decrease total daily dose E 
* Discontinue aritinone dl, in the clinical judgment of the physician, risk exceeds 
the potentia! benefit. l l 
Gastrointestinal side effects: While gastrointestinal side effects were seen ^ 
infrequently with iV fherapy, shoud severe or debilitating ones occur, the 
physician may wish to reduce dosage or discontinue the drug based on fhe | 
usual benefit-to-tisk considerations. 
Hepatic loxicdy in Clinical experience io date with IV. administration, hepato- | 
toxicity has rarely beer observed. ff acute marked alterations in liver enzymes | 
occur together with clinica symptoms, suggesting an idiosyncratic hypersensi- | 
tivity reaction, amrinone therapy should be promptly discontinued, =od 
.. Wiess than marked enzyme allerations occur without clinical symptoms; | 
these nonspecific changes should be evaluated on an individual basis. The . 
clinician. may wish to continue amrinone and reduce the dosage or discontinue - 
the drug based on the usual benefit -tc-risx considerations. ; 
Hg PLIED Ampuls of 20 mL stadie, dear yellow solution containing. 
INOCOR 5 mg/ml, box of 5 INDC 9024-0888-20). Each 1 mi contains INOCOR. - 
lactate equivalent to 5-mg base and 0.25 mg sodium metabisullite in water for | 
injection. | 
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— Table III shows the distribution of CAD in the sub- 
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pain concurrently with dipyridamole-thallium testing 


compared with their blindly matched controls. In this 
subset, there were again no differences in severity of 
CAD, whether tallied vessel by vessel or as the num- 
ber of vascular territories jeopardized. 


Discussion 


chest pain, when it occurs s during treadmill exer- 
ise, has been reported by some investigators!?!* to 
licate- a greater severity of CAD. However, other 
studies show no difference in the extent of CAD in 
patients with chest pain on exercise testing compared 
with those with painless ischemic ST changes.!59 Di- 
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bi ias, to offset the sampling problem. 
- This study cannot answer why occurrence of chest 


pain was not related to severity of CAD. Does absence 


of chest pain in our control patients represent a defec- 


tive anginal warning: system?!" 18 Can chest pain dur- 
ing dipyridamole-thallium. testing of patients without - 


CAD represent a vascular migraine effect? What is the 
mechanism for chest pain or for its absence during 
dipyridamole-thallium testing? This study, unfortu- 
nately, cannot answer these questions. 

This report does not dispute that severe ischemia 
{with or without chest pain) can occur during dipyrida- 
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: nitroglycerin preparations has become increas- 
popular since the introduction of 24-hour trans- 
evus drug delivery systems. Despite 4 years of 
pread use and acceptance by physicians and pa- 
controversy persists as to the sustained antiangi- 


It has been suggested that tolerance to the anti- 
al effects of nitrates occurs rapidly during 


n, investigators. have begun examining new dos- 
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application on both the first and the last day of each © 


)- treatment arm. Eleven patients completed the ran- - 





omized crossover phase. Exercise time to the on- 
set of angina | and to the onset of 1 mm of ST-seg- 
ment pega ssion was significantly prolonged during 
the f first de of —— at both 4 and 8 hours after 








| plac at * and 8 nu after —— patch applica- 
tion ei still evident (p <0. 001 and p <0.05, re- 







awal pher omenon was observed by history or 

ibulatory Holter monitoring calibrated for ST- 
segment analysis. The results suggest that tolerance 
itianginal effects of the nitroglycerin. patch 
can be avoided by providing a dosing regimen using 


interrupted exposure to nitroglycerin, 





(Am J Cardiol 1988; 61 46-50) 3 



















sich an approach can obviate nitrate tolerance. 78 Ex. 
tending this hypothesis to once a day transdermal ni- 


troglycerin patches, we performed a randomized dou- 
ble-blind placebo-controlled crossover trial using a 
daily overnight 10-hour nitrate free interval in 13 pa- 


 lients with long-term stable exertional angina. 


Methods 


Entry and exclusion criteria: Patient entry criteria A 
included: age younger than 75 years, a history of 


chronic exertional angina pectoris and an abnormal 
treadmill exercise test producing both chest pain and 


>1mm ST depression within 12 minutes of a modified 


Bruce protocol. In addition, all subjects were required 


to demonstrate reproducible time to onset of angina 
within 60 seconds on 2 treadmill tests and >60 second 


improvement in treadmill time to onset of angina after 
— sublingual 04 mg nitroglycerin. (positive control 


)Pa- 


















dosing schedule remained constant throughout the en- 

tire study. Long-acting nitrates were prohibited, but 

~~ sublingual nitroglycerin could be used as needed for 

 . relief of angina. The protocol was approved by the 

— George Washington: University Committee on Human 

Investigation and informed consent was obtained 

. from each subject. This study was conducted indepen- 

. dently of pharmaceutical manufacturers who had no 
input into the design nor access to the data. 

Dose titration phase: Patients meeting. the study 

| criteria were first entered. into an open label dose titra- 
















‘i patch dose. (Figure 1). Over a 9-day period, 
$ were given increasing: doses of transdermal 
oglycerin patches and were observed for side ef- 


> started on a 10-mg nitroglycerin. patch and were 


.. instructed to wear the patch from only 8 aM. to 10 pM. 


. each day. If after 3 days no adverse effects were re: 
ported. t the dose was i incra | t or | 
3 ye — 















orted, the dose was again 
1 -mg nitroglycerin patch- 





zach p ; arti 






ici ve eund pee e dace: 
lied. by Ciba Pharmaceuticals. 
tr l: After at least a 3-day 












tients end thé double. ] 
1). All patients. received 8 days of therapy A (active 

. nitroglycerin patch or matching placebo) and 8 days of 
therapy B (alternate the o that received during 
therapy A). The sequence of patient treatment with 

- active nitroglycerin or placebo administered during 
EE therapy A and B. was as assigned ina double-blind ran- 
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limiting. progression to higher doses. All patients lunch and the 8-hour test was performed : a min 


gle 15-mg nitro- - 
ion. If after 3 days, : ! 
| | and apr heart rate and blood pressure we 


j T to these se hi liek doe s was s halted if 
| whicli they first experienced chest discomfort, e) 
— — pate i (10, 4 15 or 20 0 mg) . be from 3 to 5 on a scale of 10) or until the on 

t . moderate fatigue or dyspnea, — cam 


timeto 1 mm of ST depressior 


iy of angina frequency and. sublingual — 
use throughout the entire study period. Amb 
24-hour. electrocardiograpl iic monitoring c: 
for ST-segment- analysi 


g the os se titration. phase, pas 
ossover trial (Figure . 


- py A and therapy B. Frequency of symptoma 
clinically silent ST-segment shifts (>1 mm dep 
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‘out per — — 
B treatment i arms. On the first day of ther p. 
tients underwent an exercise treadmill test i 
ately before patch application at 8 a.m., and aga 
and 8 hours afterward. On the eighth day of th 
patients again underwent an exercise treadm: 
immediately before patch application at 8 AM 
again at 4 and 8 hours afterward. After the wi 
period, the entire protocol was repeated with ma 
therapy B patches, with testing on the first da 
eighth day in an identical manner, All patches 
worn from 8 AM. until 10 P. M. each. day allowin, 
daily 10-hour overnight nitrate- (or placebo) frei 
od. Careful efforts were made to perform the 0. 

























each week with respect to timing of concomita 





of 2 hours after lunch. Pa Patients were instructed 





































; instructed to avoid placement 
arms, legs or hair-co red 1 regions of the chest 
Exercise protocol: Before exercise, resting 


corded. All exercise tests used the modified Bruc 
tocol. Patients were instructed to report the tim 


ing until the onset of moderate angina (conside 


Treadmill end points inchidnd 


Adjunctive monitoring 





is was performed bef 
randomized trial and on the seventh day of bot 





>60 seconds) were quantitated during the ove 
patch-free interval (eandig Data Mark-III anal 
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nent arms (nitroglycerin versus placebo}. Proba- 
values were derived utilizing the paired Student 


n addition, analysis of variance was performed 
ig repeated measures analysis of exercise treadmill 
results obtained on day 1 and day 8 therapy at 4 
8 hours. This analysis tested for any possible inter- 


day of test (day 1 vs day 8) and hour of test (4 hours 


\ total of 13 patients, 12 male and 1 female, mean 
61 years, were entered into the protocol. One pa- 
t failed to complete the protocol due to a midday 
ode of angina at rest while receiving active patch 
erapy. A second patient was eliminated due to non- 
producible baseline treadmill tests. 
tesults are presented for the 11 patients who com- 
eted the entire study. The mean maximum tolerated 
opatch dose was 16.01 mg (32 cm?), with 3 patients on 
mg, 3 patients on 15 mg and 5 patients on 20 mg 
hes. The most common side effect limiting an in- 
ease in nitropatch dose was headache unrelieved by 
mon analgesics. 
All but 1 of the patients in the study were alins a 
ncomitant antianginal medication: 3 with 8-blocking 
s and 7 with calcium channel antagonist agents. 
y 1 patient had a history of prior myocardial infarc- 
n, and none had prior coronary bypass surgery. 
Figures 2 through 5 show the results for specific 
'admill end points, expressed as the group mean + 
indard error of the mean, with statistical comparison 
itroglycerin versus placebo. Both the exercise time 
ie onset of angina and the exercise time to 1 mV of 
lepression were significantly prolonged by the ac- 
nitroglycerin patch at 4 and 8 hours (p «0. 01) after 
plication on the first day of use, as is shown in Fig- 
's 2 and 3 respectively. On the eighth day of using 
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. Results of the double-blind crossover trial displaying the 
ime to theo onset at M angina o on n the first — of tetany» with 


ling exercise treadmill test from each of the 2 


ons between treatment arm (nitroglycerin vs place- 





exercise time to the onset of V mv of sl atin €—€— on the 


ond points at 4 hours (p <0. m and at 8 hours (p «0.05) 
after application (Figures 4 and 5). The magnitude of 
the improvement at 8 hours was less than that seen at 4 
hours after nitroglycerin patch application both on day 
1 and day 8; however, this difference was not statisti- 
cally significant when subj ected to analysis of vari- 
ance. A small decrease in exercise treadmill time to 
angina was observed on day 8 compared with day 1 (p 
= 0.02), but time to 1 mV of ST depression was not 
significantly altered over the course of the week. 
The net improvement in the exercise time to onset 
of angina on the active nitroglycerin patch compared 
with placebo is displayed in Figure 6 alongside the net 
improvement seen with sublingual nitroglycerin dur- 
ing the qualifying phase, The magnitude of the benefit 
with the NTG patch at 4 and 8 hours after application 
ranges from 66 + 22 to 91 + 19 seconds over placebo, 
which i is vd an half of the improvement : seen with 


E mel changes in upright blood pressure 
and heart rate paralleled the exercise findings during 
short- and long-term treatment. Changes in resting 
preexercise heart rate were small and did not reach 
statistical significance. The net decrease in resting 
preexercise upright systolic blood pressure during ac- 
tive nitroglycerin patch treatment was statistically sig- 
nificant at 4 and 8 hours after application, both on the 
first day (~24 + 3 mm Hg and —31 + 2 mm Hg, respec- 
tively, p «0.601 at both 4 and 8 hours versus placebo) 
and on the eighth day (—18 + 4 mm Hg and —10 + 4 
mm Hg, respectively, p «0.05 at both 4 and 8 hours 
versus placebo). 

Drug side effects included transient symptomatic - 
orthostasis in 2 subj ects and sustained mild to moder- 
ate headaches requiring daily analgesics in 4 subjects. - 
Two patients had evidence of mild contact dermatitis - 
at the site of patch application. 

Patient diaries reflected the efficacy of concomitant 
medications with a low overall frequency of anginal 
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patients.'-5 
In an attempt to avoid the E TA of 
tolerance investigators have examined the us 





been reported with oral isosorbide dinitrate? ac 
tered twice a day, at 8 AM. and 12 noon, as oppose 
times a day given every 6 hours. Consequentl 
performed this study to determine if a once a da 
glycerin patch removed at bedtime can have sust 







. Theresults of this study support the conclusi 
at maximally tolerated doses, the transdern 


glycerin patch can be an effective ——— 
fre 
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age lg at r ume, i 
stre: ess js performance: mained statistically si sig- 
throughout day 8 testing. Mean time to onset of 
1 was 623 + 19 seconds at 4 hours and 523 + 54 
ds at 8 hours on day 1 versus 577 + 53 seconds at 4 
's and 510 + 65 seconds at 8 hours on day 8. These 


and 13-second differences are probably of little 
cal significance. - 
ceptance of intermittent patch use was good; 





ver, 4 patients complained of daytime headaches | 
active drug treatment. The persistence of this 
ptom likely reflects the lack of tolerance to the 


* 


bothersome side effects as well. 


No adverse withdrawal effects were reported dür- 
the overnight nitrate-free period by history or ST- 





»gment monitoring. In addition, no deterioration of 
cise performance was noted during long-term 
apy at the 8 AM. exercise treadmill test before 


h application. Application of this dosing regimen 


atients with coronary vasoreactivity, such as unsta- 
nocturnal or variant angina, may have a distinc- 
ely different safety profile. However, in most 
ients with stable exertional angina, continued over- 
t treatment with the nitroglycerin patch may not 
y be unnecessary but i may contribute to the devel- 
ent of tolerance. 
In this study, patients were not withdrawn from 
ir concomitant non-nitrate antianginal medications 
ore participating in the protocol. This feature of the 
dy design may have limited the magnitude of the 
asured nitroglycerin patch: antianginal effect and 
y have been responsible for the comparatively low 
juency of anginal attacks and sublingual NTG con- 
mption observed during. placebo and nitroglycerin 
ch therapy. Nevertheless, it is important to note that 








rent prescribing practices often reserve long-acting 


ates for adjunctive therapy in patients already tak- 
-calcium- or B-blocking drugs, which makes the 
dings i in this study even more clinically relevant. 

Other limitations of this study include the lack of a 
itment arm using active nitroglycerin patches worn 


24 hours. Although this has been done by another 


dy with a similar protocol,! the failure to include 
reatment arm in this study precludes the conclu- 
that intermittent nitropatch therapy is more effec- 
han continuous treatment. At best, this conclusion 


ilatory properties of nitroglycerin, and suggests. 
e improved antianginal efficacy seen with inter- - 
t administration may be accompanied by] persis- - 
- transdermal nitroglycerin patches can provide up to 8 
hours of antianginal prophylaxis during short- and 
long-term use when an overnight nitrate-free interval 
- is utilized. Whether this approach is safe and effective 
during long-term use in a wider spectrum of patients 


this study s was Son. assessed up to 8 ius after patch 
application. No exercise testing was performed at 10 
P.M, 14 hours after patch application, to assess the effi- 


cacy before patch removal. 


Strengths of this study include its randomized, dou- 


..ble-blind, placebo-controlled design. The use of a 
- crossover protocol instead of a parallel design allows 
each patient to serve as his own control. Further, the 


dose-titration phase allowed for individualization and 


 maximization of the dosage used, as opposed to a 
' fixed-dose. protocol. This more closely approximates 
< themannerin which the medication is prescribed, and 
eliminates criticism that inadequate doses were used. 


The data in this small study strongly suggest that 


with ischemic heart disease remains to be determined 
by larger randomized trials. Nevertheless, as is often 
true in matters of the heart, it appears that absence 
(nitrate-free intervals) makes the heart grow fonder 
(more nitroglycerin responsive]. 
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This study — me ability of exercise radionu- 
-clide angiography performed early after percutane- 
ous transluminal coronary an gral (PTCA) to 
predict subsequent restenosis. Forty-eight | 
with initially successful PTCA underw arly ( 
month). exercise radionuclide —— and late. 
^1 — men as coronary bh n de ak Find- 













x ince the introduction of percutaneous transluminal 
coronary angioplasty (PTCA) in 1977,! modifications in 
technique and equipment and increased operator ex- 
perience have resulted in improved success rates and 
decreased complications: 2-6 However, the incidence 
of late restenosis after coronary angioplasty remains 
largely unaltered despite extensive efforts to prevent 
its occurrence.” Restenosis will often present with 
reappearance of angina or with more catastrophic con- 
sequences of myocardial ischemia." In addition, the 
"treatment of. restenosis accounts for a major portion of 
the overall expense of. the procedure." 

Until restenosis can be prevented, the early identi- 
fication of patients with restenosis is important. Rou- 
tine follow-up coronary angiography after PTCA has 
been used in some centers; however, this is an expen- 
sive, invasive, and impractical screening method for 
the detection of restenosis. For this reason, identifica- 
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tion of a noninvasive test able to predict reste 
would be ideal. Recently, DePuey et al? reporte 
abnormal findings on radionuclide angiography. 
formed early after PTCA are associated with the 
velopment of late restenosis. However, they did 
attempt to define patient subsets at high and low 
for subsequent restenosis. The present study 1 
the hypothesis that exercise radionuclide angio 
performed early (<1 month) after PTCA is pre 
of late restenosis and that the procedure can be u 





Methods 


Study population: Forty-eight consecutive pati 
who met the following criteria were studied retri 
tively: successful PTCA, exercise radionuclide. 
raphy <1 month after PTCA and subsequent cor 
angiography 4 to 18 months (mean 8] after PTCA 
group comprised 31 men and 17 women, ages 38 
years (mean 57]. Single-vessel disease, defined 
presence of a luminal diameter narrowing of 2 = 
a n — vanis coronary artery, was 

ultivessel disease, defined 









































































ts. The indication for PTCA was angina in 36 
s and an evolving myocardial infarction in 12. 
our patients had single-vessel dilation, and 4 
s had multivessel PTCA. All angiograms were 
Se qd visually by at least 2 cardiologists. Successful 
| was defined as a decrease i in luminal diameter 
sis of 240%. u 

All 48 patients received heparin intravenously dur- 
and for 24 hours after PTCA. All patients received 
lingual nitrates and a calcium channel blocking 
nt during the procedure. In addition, aspirin and 
yridamole were administered to 31 and 35 patients, 
ectively. The use of nitrates and nifedipine was 
nued in 37 patients each; 20 patients received £- 
iergic blocking drugs. 

llow-up coronary angiography was performed in 
8 patients at a mean of 8 months (range 4 to 18) 
angioplasty. Coronary angiograms were assessed 
ally for degree of stenosis by at least 2 cardiologists 
were unaware of the noninvasive test results. 
enosis was defined as a return to a luminal di- 
ter of >70% in the dilated vessel on follow-up 


Radionuclide angiography: Exercise radionuclide 
iography was performed using technetium-99m la- 
d red blood cells and gated blood pool imaging. 
diac images in the anterior, left lateral, and left 
'rior oblique projections were obtained at rest us- 
g a standard small field gamma camera {Picker 

a-Mo, Picker International, or General Electric 
obile data camera, General Electric Medical Sys- 
s Division). Data acquisition. was gated to the 
yave on the patient's electrocardiogram, and 16 
1es/cardiac cycle were collected. Rest and exer- 
left ventricular ejection fractions were calculated 
1 the background-corrected left ventricular counts 
us time curve by use of an operator interactive 
rem and a commercially available dedicated com- 


;xercise stress testing was performed with the pa- 
ton a supine stationary cycle using graded exercise 
ges beginning at 300 kg - m/min and increasing by 
kg - m/min at 3-minute intervals to a symptom- 
ted maximum. Regional wall motion was assessed 
he consensus of 2 experienced observers for each 
segments on the left anterior oblique view at rest 
with exercise. A normal exercise ej jection fraction 
nse was defined as an increase in ejection frac- 
of at least 0.05 with exercise. Physicians were 
raged to stop the patient's cardiac medications 
e testing; however, 25 of the 48 patients did re- 
at least 1 cardiac medication within 4 hours of 
test. The radionuclide angiogram was performed 
g the first week after PTCA in 22 patients. In the 
der, the angiogram was performed between 1 











Le scribed, X was performed successfully in i 48 ; 


| Discussion p 


Results 

At follow-up coronary cineangiography, restenosis 
was noted in 13 of the 48 patients, for an overall resten- 
osis rate of 27%. Patients with restenosis were more 
likely to have recurrent anginal symptoms at the time 
of follow-up angiography. No differences were noted 
between patients with and without restenosis with re- 
spect to age, sex, medications, or percentage of luminal 
stenosis before or immediately after PTCA (Table J). 
Patients with multivessel disease were more likely to 
have restenosis; however, the limited number of pa- 
tients in this subgroup precludes meaningful analysis. 

The frequencies of angina, diagnostic ST-T wave 
changes and resting regional wall motion abnormali- 
ties were similar in patients with and without resteno- 
sis (Table II). Patients with restenosis had more exer- 
cise-induced regional wall motion abnormalities and 
more abnormal exercise ejection fraction responses 
than did patients without restenosis. The incidence of 
exercise-induced regional wall motion abnormalities _ 
was 11% (4 cf 35) in the group without restenosis and 
46% (6 of 13) in the group with restenosis (p = 0. 01). Of 
the 4 patients with false-positive new wall motion ab- - 
normalities, 1 with multivessel disease developed the © 
abnormality in a nonrevascularized segment and 2 
with successful left anterior descending coronary ar- 
tery dilation had mild septal abnormalities. All 6 pa- 
tients with restenosis who- developed new regional 
wall motion abnormalities did so in a ventricular seg- 
ment supplied by the restenosed vessel. 

A normal exercise ejection fraction response was 





noted in 18 patients. Only 1 of the 18 had restenosis, " 


whereas 12 of the 30 patients with an abnormal exer- - 
cise ejection fraction response had documented. Te- 
stenosis (p «0.05). | = 
When these 2 parameters were considered togeth- — 
er—that is, exercise wall motion and exercise ejection 
fraction response—and a normal exercise radionu- 
clide angiogram was defined as an increase of 20.05 in 
ejection fraction without exercise-induced new re- 
gional wall motion abnormalities, we noted that all 13 





patients with restenosis had abnormal exercise test 


results. In contrast, 17 of 35 patients without restenosis 
had normal exercise radionuclide angiograms. 

The exercise radionuclide angiogram appeared to 
permit stratification of the risk of restenosis after 
PTCA. All 17 patients with normal exercise test results 
(35% of the entire group) had a good long-term result. 
from the dilation, that is, restenosis was not seen. By 
contrast, in the group of 31 patients with abnormal 
radionuclide angiographic findings, the incidence of 
restenosis was 42%. Therefore, the negative predictive 
value of the test was 100%, whereas the positive pre- 
dictive value was 42%. 









Restenosis No Restenosis 
(n 7 13) (n = 35) 
















Mean age (yr) 60 + 7 56 + 10 
: ex (women/men) | 5/8 12/23 
= Recurrent angina at follow-up ^... (8596) 16 (46%)* 
.. Medications at hospitát dismissal 2 
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a exercise-induced thallium: son: defects in 
| tients. after. successful PTCA. In separate re- 


melhods. ior s detecting t — alter. ‘PTCA and 
found that exercise radionuclide angiography was the 
“mos : reliable indicator of recurrent ischemia. — 
— There is less information on predicting which pa- 
tients will eventually develop restenosis. DePuey et 
. al? were the first to report a possible role for noninva- 
-sive testing done within the first month after PTCA in 
predicting restenosis. Similarly, Wijns et al?! reported 
that exercise scintigraphy using thallium performed 4 
weeks after successful coronary angioplasty also was 





predic-ive of restenosis at 6 months. The. present study. 


further defines the role of exercise radionuclide angi- 
ography in the management of patients after PTCA. 
We fouad that normal exercise radionuclide angiogra- 
phy was highly predictive of successful dilation in the 
long term. By this method, 35% of all patients were 
categorized at low risk; none of these patients had 
restenos's at follow-up. The positive predictive value 
was only 42%; however, 7 of the 18 patients with posi- 
tive exercise radionuclide angiography and no subse- 


will require closer follow-up, particularly pa 


vessel, it may do so as soon as 2 to 4 weeks after 


abnormal exercise radionuclide angiogram afte: 


technique of the visual assessment of luminal dia 


quent restenosis had multivessel ss with the 

























































Restenosis No Reste 
(n = 13) ae 





Exercise rate-pressure product 19,600 19,1 


Angina pectoris 1 
Diagnostic ST changes * 2 
Regional wall motion abnormalities 
Resting : 5 
Exercise-induced 6 
Ejection fraction 
Baseline value (rest) 0.56 
Change with exercise 70.02 
increase <0. 05 12 
Peak exercise value 0.54 


Abnormal exercise radionuclide (348 
angiography! — — 
* Defined as 21 mm horizontal or aownsloping ST depression 80 ms 
point. 
t Significantly different from group with: restenosis (p <0,05). 
+ Defined as new regional wall mation abnormalities or failure to i 
ejection fraction by 20.05. - 


Although the patient numbers in the current seri 
small, they do suggest that the risk of restenosis ir 
patients is small enough that routine follow-up ar 
raphy is not justified. Moreover, although an abn 
radionuclide angiogram. does not ensure that reste 
sis will occur, it may identify a higher risk grou 


who were “completely revascularized” by PTCA 
Restenosis usually occurs within 6 months af 


others? 13 suggest that if Posten osis is is going to occt 


procedure. This is supported by data from an 
models? and autopsy series,“ which showed that 
tenosis occurred as soon as 1 to 2 weeks after 
PTCA. Alternatively, the early documentation o 


apparently successful PTCA may reflect inade 
of initial revascularization despite a cosmetically 
ent vessel on coronary angiography. The stance 


ter narrowing has been shown to be an imprecise 
inaccurate method of quantifying the actual cross: 
tional area of the stenosed vessel./5-5 Furthe 
inaccuracy is greatest in those lesions of intermec 
severity with indistinct margins that are commoi 
seen after PTCA.” Thus, a vessel that is not adequi 
dilated initially will be more likely to show an ab 
mality on an early exercise radionuclide angiog 
and also may be more likely to restenose eventuall 
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THE FIRST 
GRADIENT-CHARGED 
NTG-FILM FOR 
ANGINA 
PROPHYLAXIS 


NACE AYERST 
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5 "SoS. t DPR EN 91.1" 
TRANSDERMAL BIOAVAILABILITY 


Controlled transport and release of free drug assure continuous level 


of NTG at skin surface. 
Thickness 
Flexible carrier foil imperme- 

able to nitroglycerin 


Adhesive film charged with 
nitroglycerin, constituting 
drug reservoir and control- 
release system 








| XE DX XY EYE 
Removable protective foil — ERL PRERE, 
z PERE / IA ISFSDS SASS A 
that is impermeable to i P gg pg gl M I P P, Uy . 
nitroglycerin. VA A pL AL LLL LLL LA P, 7L hp fA | 190 uum 
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Cross section of Deponit* Adsorbent o 
(Nitroglycerin Transdermal Adsorbent with NTG o 
Delivery System) Dissolved NTG « 


A GRADIENT-CHARGED™ NTG-FILM 
WITH UNIFORM SKIN PERMEATION 


You can expect reliable, consistent 24-hour NTG delivery with only 
minimal influence from variations in the thickness or other physical 
properties of the skin. 


DESIGNED FOR 
SUPERIOR PATIENT ACCEPTANCE 


Small and colored to blend inconspicuously with a variety of skin tones. 
Simple to apply, adheres strongly, and stays in place during vigorous 
exercise. Once-a-day, 24-hour delivery. 


"Effectiveness of this product has not been established pending final evaluation by FDA (see prescribing 
information on following page). 


' "Gradient-charged" "" refers to the differential concentration of free and bound NTG which results 
in the continuous transport and controlled release of free drug at the skin surface. 
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ycenn transdermal 
ystem) ingan, 


\ Another cardiovascular product from Wyeth-Ayerst Laboratories. 
oc gat : 


€ 1987, Wyeth-Ayerst Laboratories 








jf the eer or wiles ian Kei on 
trügi glyceryl tri nitrate) the teliet and prevention of am attacks, 
available in two strengths which ri mg or 10 mg of nitroglycerin during a 24-hour 
S my/24 hr system has a 16 cm? fei surface and contains 16 mg nitroglycerin. The 
system has a 32 cm? releasing surface and contains 32 mq nitroglycerin. 
— is approximately 0.3 mm thick, insoluble in water, and, as illustrated below, consists 


elemen 
flesh-colored waterproof covering foil. 
iered adhesive film that constitutes Snnt the drug reservoir and the release-control 



















Covering foil 


Adhesive multilayered 
drug reservoir with the — 
release-control system 


Protective foil with the 
special peel-off aid 


ij mí of prosen by an aluminum foil which has a patented S-shaped opening to facilitate its removal 
'of the system. 


a e nit® system is applied to the skin, nitroglycerin i is continuously released for absorption. 
systemic circulation. Thus, active drug reaches the target organs (heart, extremities) before 
Monty the liver. Nitroglycerin is a smooth muscle relaxant with Vascular effects manifested predomi- 
venous dilatation and pooling. The major beneficial effect of nitr — in angina pectoris isa. 
iK Si , Secondary to vascular smooth-muscle relaxation with resultant 
recent — there has been increasing recognition of a direct 
d 


iuit ansdermal absorption of ni erin from the Deponit® 
bd steady-st; plasma vaintained these levels ‘or 4 hours. Detectable 
evels were ined within 30 minutes: appl tion of the system and were stilf detectable 
es after removal of fhe system. —— l 
int of nitroglycerin released (5 mg. or 10 mg hn represents. the mean release rate of 
m the system as eie dd. from healthy volunteers, and hence, the amount potentially 
h the skin RS will "y amon dividuals. Precise definition of’ — mum 

















th FRA for the — and treatment of angina 
iproval retiscts a determination that the drug 
; — is undertaken. A final evaluation of the 


ih acute myocardial infarction o or r congestive heart failure, nitroglycerin should be used under 
i and/or. dar ge Suspect SOE both the - — ae 

l Treatment. angina, dosage and frequency of application mu 

Ced over à period of 4: preverit the sudden withdrawal reactions which are 


iouid b ——— j defibrilation — 
| ed electrical w hance the possibility of arcing, a 
associated with the use of defibrillators. - — cu 


hypotension, such as faintness. weakness. Of dizziness, — orthastatic hypotension: 
— When fhese symptoms occur, the dosage should be reduced or use of the 


; hot intended for use in treatment of acute agaat attacks. For this purpose, occasional u use of 
— may be necessary. 


Cy Category C. Animal — studies have adt — conducted with nitroglycerin. itis not 
ihether nitroglycerin can cause fatal harm when administered to a pregnant woman or tan mane 
capac Nitroglycerin should be a a pregnant woman only if clearly needed. 


nown whether nitroglycerin | is excreted | in human milk. Because many drugs are excreted in human 
should be exercised when the diua is administered to a nursing woman. 


ci torii affect effect, especially when higher doses of the drug are used. 

k ‘should be treated with: 3 ie Deponit® therapy is continued. Wien such 

is are untesponsive to treatment, the dosa be reduced or use of the product discontinued. 

ions reported less frequently include on, increased heart rate, faintness, flushing, 
nausea, vomiting, and dermatitis. mattis these symptoms are attributable to the 

pharmacologic effects of nitroglycerin. b .symotoms of overdosage. When they persist, the 

dose should be reduced or use of the discontinued. 


it* can be applied as a single system or: as multiples, depending upon the clinical requirements. 
shouid be titrated to achieve the optimal therapeutic effect by monitoring clinical response, side 
heart rate, and the effect of therapy upon blood pressure. 
it* should be removed m the singie-unit package just. prior to use. The protective aluminum precut 
| foil is removed according to the "Patient instructions,” and the system is applied with a firm 
‘Of a convenient skin site, preferably on the chest, innerside of the upper arm, or shoulders. 
it^ should not be applied to the distal parts of extremities. 
| System is designed to remain in for 24 hours; however, the treatment site should be changed daily 
iiimize skin irritation and should be intact, — and dry. ie soe hair may be removed: Sipping. 
should be initiated with — of a sin — d oliveri $ mg every 241 




































S00 ; This can be achieved by removin the * — pire urs, and. vel koe E age 

—— 10 mg/24 — ofa vind ipie of either system, depending on the dose required to sieve 
4 hours, the system should be removed and discarded. Because no adhesive residue remains on the 
there i is RO need to use a solvent. 


toom E nat MM ETT: Do aot refrigerate. 
instructi tor Application 
scribing use 0 eponit® is provided with each package. 


t mm — transdermal delivery system), Wyeth-Ayarst®. is packaged in cartons containing unit 
paie colored systems on aluminum ds ngs. 
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ACADEMIC NONINVASIVE CARDIOLOGIST 
The Likeff Cardiovascular Institute of Hahnemann University 
seeks a full time cardiologist interested in all aspects of Cardi- 
ac Ultrasound. Please contact Gary S. Mintz, M.D., Director, 
Cardiac Ultrasound Laboratory, Hahnemann University, 230 N. 
Broad Street, MS# 313, Philadelphia, PA 19102-1192. 


POSITION AVAILABLE — __ 

BEGINNING DATE: IMMEDIATELY 
Board-certified Cardiologist to join 17 Cardiologists in dedicated cardio- 
vascular institution. Very attractive and On etitive salary and superb 
fringe benefits. Experience in , Echo and ( Soronary Care Unit . 
preferred. Contact: Viadir Maranhao, M. D., ;Chairman, Dept. of.Cardiolo- 
gy, —— HEART & LUNG CENTER, Browns sar NJ 09618. EOE. : 








EXPANDING TEXAS MULTISPECIALTY GROUP. 


Dallas/Ft. Worth Area, requires i additional BE/BC cardiolo- 
gists. Competitive salary. Extensive benefits. Direct inquiry 
and CV to: Medical Director, Permanente Medical Association 
of Texas, 32120 Hillcrest, Suite 600, Dallas, TX 75230. 


CARDIOLOGIST — Immediate opening for two non-invasive BC/BE car- 
diologists te join two board certified invasive cardiologists in expanding 
group practice in mid-sized midwestern city. Expertise in echo, Doppler, 
nuclear cardiology desirable. Active cardiac surgery, angioplasty pro- 
grams; practice includes office and hospital consultation, teaching op- 
portunities if desired. Reply with CV to Box 735, The American Journal 
of —— 249 W. 17th St, New York, N.Y. 10011. 


INVASIVE/NON-INVASIVE CARDIOLOGY GROUP-—Seeks BE/BC 
non-invasive cardiologist for thriving practice in growing Central Valley 
California community. Nine-man group affiliated with 3-hospital system 
offering wide range of cardiovascular services to large referral area. 
Competitive salary with future partnership. Reply Box 775, The Ameri- 
can Journal of Cardiology, 249 W. 17th St, New York, N.Y. 10011. 










TENTH ANNUAL TUTORIAL IN CARDIOLOGY 
SUGARBUSH INN, VERMONT 
FEBRUARY 21-26, 1988 


SPONSORS: University of Vermont, Vermont Heart Asso- 
ciation 

GUEST A. John Camm, M.D., M.R.C.P., Howard B. 

FACULTY: Dean, M.D., Allan M. Levy, M.D., Beverly Lorell, 





M. ra Jere H. Mitchell, M. = —— Muller, 
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i Then More Than A Thiazide Diuretic Is Needed... 
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(Guanfacine HCI) 


^| Aside effect profile at ») Once a day, for 24-hour control 
" 1mg/day comparable to placebo ⸗ Convenience and compliance 
Fewer patient complaints ; 
») Suitable for a wide range 
24 1mga day— optimal dosage ' of patients 
— for most patients 


A-H ROBINS 
Most patients will not require Pharmaceutical Division, Richmond, Virginia 23261-6609 
dose titration OA.H. Robins Company 1987 


Please see adjacent page for brief summary. 


The "Patient Friendly" 


Antihypertensive 


ONCE A: DAY 


TENEX 


Guanfacine HC) 





The following is a brief summary only. Before 
nono. see complete prescribing information in 
Tenex product labeling. 


Contraindications: lenex is contraindicated in patients 
: with known hypersensitivity to guanfacine hydrochloride. 
utions: General. Like other antihypertensive 
agents, Tenex (guanfacine hydrochloride) should be 

used with caution in patients with severe coronary 
insufficiency, recent myocardial infarction, cerebro- 
vascular disease or chronic renal or hepatic failure. 

Sedation. Tenex, like other orally active central alpha-2 
adrenergic agonists, causes sedation or drowsiness, 
especially when inning therapy. These symptoms are 
dose-related (see Adverse Reactions). When Tenex is 
used with other centrally active depressants (such as 
phenothiazines, barbiturates, or benzodiazepines), the 
potential for additive sedative effects should be 
considered. 

Rebound. Abrupt cessation of therapy with orally 
active central alpha-2 adrenergic agonists may be as- 
sociated with increases (from depressed on-therapy 
levels) in plasma and urinary catecholamines, symp- 
toms of "nervousness and anxiety" and, less commonly, 
increases in blood pressure to levels significantly 
greater than those prior to therapy. 

Information for Patients. Patients who receive Tenex 
should be advised to exercise caution when operating 
dangerous machinery or driving motor vehicles until it is 
determined that they do not become drowsy or dizzy 
from the medication. Patients should be warned that 
their tolerance for alcoho! and other CNS depressants 
may be diminished. Patients should be advised not to 
discontinue therapy abruptly. 

Laboratory Tests. In clinical trials, no clinically relevant 
laboratory test abnormalities were identified as causally 
related to drug during short-term treatment with Tenex 
(guanfacine hydrochloride). 

Drug interactions. No specific adverse drug inter- 
actions have been identified, but the potential for 
increased sedation when Tenex is given with other CNS- 
depressant drugs should be appreciatea. 

Anticoagulants. Ten patients who were stabilized on 
oral anticoagulants were given guanfacine, 1—2 mg/day. 
for 4 weeks. No changes were observed in the degree of 
anticoagulation. 

In several well-controlled studies, guanfacine was 
administered together with diuretics with no drug inter- 
actions reported. !n the long-term safety studies, Tenex 
was given concomitantly with many drugs without evi- 
dence of any interactions. The principal drugs given 
(number of patients in parentheses) were: cardiac gly- 
cosides (115), sedatives and hypnotics (103). coronary 
vasodilators (52), oral "Ypogi cemics (45), cough and 
cold preparations (45), NSAIDs (38), antihyper- 
lipidemics (29), antigout drugs (24), oral contraceptives 
(18), bronchodilators (13), insulin (10), and beta 
blockers (10). 

Drug/Laboratory Test Interactions. No laboratory test 
abnormalities related to the use of Tenex (guanfacine 
hydrochloride) have been identified 

Carcinogenesis, Mutagenesis, Impairment of Fertility. 
No carcinogenic effect was observed in studies of 
78 weeks in mice at doses more than 150 times the 
maximum recommended human dose and 102 weeks in 
rats at doses more than 100 times the maximum 
recommended human dose. In a variety of test models 
guanfacine was not mutagenic 

No adverse effects were observed in fertility studies in 
male and female rats. 

Pregnancy Category B. Administration of guanfacine 
to rats at 70 times the maximum recommended human 
dose and rabbits at 20 times the maximum recom- 
mended human dose resulted in no evidence of 
impaired fertility or harm to the fetus. Higher doses (100 
and 200 times the maximum recommended human dose 
in rabbits and rats respectively) were associated with 
reduced feta! survival and maternal toxicity. Rat experi- 
ments have shown that guanfacine crosses the 
placenta. 

There are, however, no adequate and well-controlled 
studies in pregnant women. Because animal reproduc- 
tion studies are not always predictive of human 
response, this drug should be used during pregnancy 


only if clearly needed. 

Labor and Delivery. Tenex (guantacine hydrochloride) 
is not recommended in the treatment of acute hyper- 
tension associated with toxemia of pregnancy. There is 
no information available on the effects of quanfacine on 
the course of labor and delivery 

Nursing Mothers. I: is not known whether Tenex (guan- 
facine hydrochloride) is excreted in human milk, Because 
rnany drugs are excreted in human milk, caution should 
be exercised when Tenex is administered to a nursing 
woman. Experiments with rats have shown that quan- 
facine is excreted in the milk. 

Pediatric Use. Safety and effectiveness in children 
under 12 years of age have not been demonstrated. 
Therefore, the use of Tenex in this age group is not 
recommended 
Adverse Reactions: Adverse reactions noted with 
Tenex (guanfacine hydrochloride) are similar to those of 

ther drugs of the central a-2 adrenoreceptor agonist 

‘lass: dry mouth, sedation (somnolence), weakness 
\asthenia), dizziness, constipation, and impotence 
While the reactions are common, most are mild and tend 
to disappear on continued dosing 

in a 12-week placebo-controlled, dose-response 
study the frequency of the most commonly observed 
adverse reactions showed a clear dose relationship from 
0.5 to 3 mg. as follows: 


Adverse Assigned Treatment Group 
Reaction 


Somnolence 1 (196) 3 (4%) 0 (096) 1 (1%) 10 (14%) 
Asthenia 0 (0%) 2 (3%) 0 (0%) 2 (2%) 7 (10%) 
Dizziness 2 (2%) 1 (1%) 3 (4%) 6 (8%) 3 (4%) 
Headache 3 (496) 4 (3%) 3 (496) | (1%) 2 (2%) 
Impotence 1 (1%) 1 (1%) 0 (0%) 1 (1%) 3 (4%) 
Constipation 0 (0%) () (0%) Q (0%) |. (1%) i (1%) 


Fatique 3 (3%) 2 (3%) 2 (3%) 5 (6%) à 1496) 


There were 41 premature terminations because of 
adverse reactions in this study. The percent of patients 
who terminated and the dose at which they terminated 
were as follows 


Dose: Placebo 0.5 mg 1mg 2mg 3mg 


Terminated: 6.996 4.2% 3.2% 69% 83% 





Reasons tor dropouts among patients who received 
guanfacine were: somnolence, headache, weakness, 
dry mouth, dizziness, impotence, insomnia, constipa- 
tion, syncope, urinary incontinence, conjunctivitis, 
paresthesia, and dermatitis. 

In a second placebo-controlied study in which the 
dose could be adjusted upward to 3 mg per day in 1-mg 
increments at 3-week intervals, i.e., a setting more 
similar to ordinary clinica! use, the most commonly 
recorded reactions were: dry mouth 4796, constipation 
16%, fatigue 12%, somnolence 10%, asthenia 6%, diz- 
ziness 6%, headache 4%, and insomnia 4%. 

Reasons for dropouts among patients who received 
guanfacine were: somnolence, dry mouth, dizziness, 
impotence, constipation, confusion. depression, and 
palpitations. 

In the clonidine/guanfacine comparison described in 
Clinical Pharmacology. the most common adverse reac- 
tions noted were 


Guanfacine (n=279) Clonidine (n= 278) 


Dry mouth 30% 37% 
Somnolence 21% 35% 
Dizziness ts 11% 8% 
Constipation 10% 5% 
Fatigue 9% B% 
Headache 4% 4% 
Insomnia 4% 3% 


Placebo 0.5 mg 1.0 mg 2.0 mg 3.0 mg 
n= 73 72 72 72 72 


Dry Mouth 5 (7%) 4 (5%) 6 (8%) 8 (11%) 20 (28%) 





Adverse reactions occurring in 3% or less of patients 
in the three controlled trials were: 


Cardiovascular — bradycardia, palpitations, substernal pain 

Gastrointestinal — abdominal pain, diarrhea, dyspepsia, dysphagia, 
nausea 

CNS— amnesia, confusion, depression, insomnia, libido 


decrease 


ENT disorders — rhinitis, taste perversion, tinnitus 


Eye disorders— conjunctivitis, iritis, vision disturbance 
Musculoskeletal— leg cramps, hypokinesia 

Respiratory— dyspnea 

Dermatologic— dermatitis, pruritus, purpura, sweating 

Urogenital— testicular disorder, urinary incontinence 
Other — malaise, paresthesia, paresis 


Adverse reaction reports tend to decrease over time. 
in an open-label trial of one year's duration, 580 hyper- 
tensive subjects were given guanfacine, titrated to 
achieve goal blood pressure, alone (51%), with diuretic 
(38%), with beta blocker (3%), with diuretic plus beta 
blocker (6%), or with diuretic plus vasodilator (2%). The 
mean daily dose of guanfacine reached was 4.7 mg. 


Incidence of adverse Incidence of 
reactions at any time adverse reactions 
during the study — at end of one year 


Adverse Reaction 


n= 580 n= 580 
Dry mouth 60% 15% 
Drowsiness 33% 6% 
Dizziness 15% 1% 
Constipation 14% 3% 
Weakness 5% 1% 
Headache 4% 0.2% 
Insomnia 5% 0% 


There were 52 (8.9%) dropouts due to adverse effects 
inthis 1-year trial. The causes were: dry mouth (n= 20). 
weakness (n= 12). constipation (n — 7), somnolence 
(n — 3), nausea (n — 3), orthostatic hypotension (n — 2), 
insomnia (n= 1), rash (n= 1), nightmares (n = 1), head- 
ache (n= 1), and depression (n= 1). 

Drug Abuse and Dependence: No reported abuse or 
dependence has been associated with the adminis- 
tration of Tenex (guanfacine hydrochloride) 

Dosage and Administration: The recommended dose 
of Tenex (guanfacine hydrochloride) is 1 mg daily given 
at bedtime to minimize somnolence. Patients should 
already be receiving a thiazide type diuretic 

If after 3 to 4 weeks of therapy, 1 mg does not give a 
satisfactory result, doses of 2 and then subsequently 3 mg 
may be given, although most of the effect of Tenex is 
seen at 1 mg (see Clinical Pharmacology). Some 
patients may show a rise in pressure toward the end of 
the dosing interval; in this event a divided dose may be 
utilized 

Higher daily doses (rarely up to 40 mg/day, in divided 
doses) have been used, but adverse reactions increase 
significantly with doses above 3 mg/day and there is no 
evidence of increased efficacy. No studies have estab- 
lished an appropriate dose or dosing interval when 
Tenex (guanfacine hydrochloride) is given as the sole 
antihypertensive agent. 

The frequency of rebound hypertension is low, but 
rebound can occur. When rebound occurs, it does so after 
2—4 days, which is delayed compared with clonidine 
hydrochloride. This is consistent with the longer half-life 
of guanfacine. In most cases, after abrupt withdrawal of 
guantacine, blood pressure returns to pretreatment 
levels slowly (within 2—4 days) without ill effects. 
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Pharmaceutical Division 
Richmond, Virginia 23261-6609 
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Se Fifteen patients undergoing routine follow-up angiog- 

< raphy 5 months after successful percuta 
transluminal coronary angioplasty (PTCA) without 

angina and with normal exercise thallium scintigra- 

_» phy were selected for analysis. The coronary flow 

. reserves of these patients were compared with 

- those of 24 patients with angiographically normal 

n coronary arteries to establish whether PTCA can re- 

uu store to normal the coronary flow reserve of pa- 

 . tients with chronic coronary artery disease. The 

ER quantitative cineangiographic changes and the con- 

- comitant alterations in coronary flow reserve as an 
immediate result of the PTCA and the subsequent 

— 5 months later are described. Coronary 














s $ ince the introduction of percutaneous transluminal 
coronary angioplasty {PTCA} in 1977,1 this procedure 

. has gained increasing importance in the treatment of 
~ coronary artery obstructions. The immediate and long- 
. term results of PTCA are usually assessed by coronary 
m angiography. Fou uen the measurement of coronary 








g phic assessment of myoc 





~ tor dilution technique. with a platinum-tipped PTCA 
- guidewire, using hydrogen as the indicator." Although 


dynamic and functional improvement, 9-19 doubt has 





Coronary Flow Reserve by - 
innui udi Transluminal Coronary Angioplas ' 





reserve with the flow reserve of 24 patients with an 


. quantitative cineangiographic changes and the 
| J comitant alterations in coronary flow reserve r 
. from the acute intervention as well as the subse 
A changes as observed 5 months after PTCA. 
— The MEN epee A eg iud. on athe radio- Methods 
lial perfusion using con- - 
st medium.59 The third technique is an indica- . 


PTCA has been shown to result in symptomatic, hemo-- 


z treatment. They were selected on the basis of a 
uM. Erasmus Cait, Y Roterdam The 




















flow reserve was — with digital subtr aC 
cineangiography. PTCA resulted in an increase 
minimal obstruction area (mean + standard de 
ation) from 0.8 + 0.3 to 3.4 + 0.7 mm? and 
onary flow reserve from 1.0 + 0.3 to 2.5 + 0.6. 
Five months later a further substantial and signif 
cant (p <0.05) late increase in obstruction area 
(3.8 + 0.9 mm?) and flow reserve (3.6 + 0.5) 
occurred. In 11 of 15 patients coronary flow re 
was restored to normal. Changes in stenosis geon 
etry are likely to be 1 of the major determinants o 
this late normalization of coronary flow reserve. 


(Am J Cardiol 1988;61:55—6 






















remained whether this procedure can restore cor 
flow reserve of atherosclerotic coronary arteri 
normal level.!-4 Therefore, we selected 18. | 


thallium scintigram 5 months after PTCA. and 
pared their radiographically measured coronary 


graphically normal coronary arteries. We desc 


Patients: The study — consisted of 
tients with angiographically normal coronary a1 
(data on 12 have been previously. published} a 
patients. with 1-vessel coronary artery disease.' 
15 patients had undergone successful PTCA fc 
abling angina refractory to intensive pharm 








oxercise Malim scintigram a and | complete. r 












zz zz oz to: se moror 
r 
e 








M LAD 
LC 

M LAD 
LC 

F LAD 
LC 
LAD 


Sex Vessel 





QA 


; oa e y w reserve; DS = percentage diameter stenosis; LAD = 



















left an 


anterior descending P pm | — 


minimal cross-sectional obstruction area (mm?); R = right coronary artery. — 


nitrates, calcium antagonist agents and 6-blocking 


. drugs, and during the 5 months after PTCA the pa- 


tients were treated with aspirin 900 mg/day and nifed- 
ipine 60 mg/day, which was continued on the day of 


cardiac catheterization. All 39 patients had normal sys- 


tolic and diastolic wall motion and an ejection fraction 
of 55%. Patients with left ventricular hypertrophy, val- 
vular heart disease, angiographic evidence of collater- 












ilimeters] is 
of a section of the contrast catheter anil comparing the 
mean diameter in pixels with the known size in milli- 
-meters.?? Pincushion distortion is corrected.^! A com- 
puter estimation of the original arterial dimensions at 
the site of obstruction was used to define the reference 
region. ?: The interpolated percentage diameter steno- 
sis and the minimal obstruction area (mm?) were then 
calculated by averaging the values from at least 2, 
preferably orthogonal, projections. A mean of 2.2 angi- 
ographic projections per patient was used in this study. 
-. Coronary flow reserve measurements: The heart 
-was atrially paced at a rate just above the spontaneous 
heart rate. An electrocardiographic-triggered injection 
to the coronary artery 300 ms after the R wave was 
made with a fixed amount of Jopamidol at 37°C 
through a Medrad Mark IV infusion pump. This non- 
-ionic contrast agent has a viscosity of 9.4 cP at 37°, an 
-osmolality of 0.8 osm - kg^! and an iodine content of 
- 370 mg/ml. The injection rate of the contrast medium 
was judged to be adequate when back flow of contrast 






medium into the aorta occurred. In every patient the 
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ction rate was identical for each coronary injec- 
ion. The field size of the x-ray equipment was 7 inch- 





















cologically i induced hyperemia by a bolus injection 
2.5 mg papaverine into the coronary artery.??? Five 
-diastolic cineframes were selected from succes- 
rdiac cyclas. 
garithmic nonmagnified mnaskmode back- 
d subtraction was applied to the image subset to 
nate noncontrast medium densities. The last 
 end-diastolic frame before contrast administration 
was chosen as the mask. A contrast appearance time 
was determined, using an empirically derived density 
threshold that was constant for each study and all pa- 
tients.? A density image was computed, with each pixel 
intensity value being representative for the maximal 
local contrast medium accumulation. The coronary 
-flow reserve was defined as the ratio of the regional 
. flow computed from a hyperemic image (Qh) divided 
the regional flow of the corresponding baseline 
ge {Qb}. ———— flow reserve (CFR) was then be 


E  Qh/Qb = Dh/Th : Db/Tb, 

"where D is the mean contrast density and T the mean 

appearance time at baseline (b) and hyperemia (h). 
Appearance time and density were computed within 
user-defined regions of interest that were chosen in 
such a way that the epicardial coronary arteries visible 
on the angiogram, the coronary sinus and the great 

n cardiac vein were excluded from the analysis." 

: tical analysis: Comparisons between groups 

ci variance I with the Student t 






























es. The angiogram was repeated 30 seconds after phar- - 



























































Percentage area stenosis (mean + eda de 
[SD]) decreased from 89 + 7 to 51 + 11% immed 
after PTCA. Five months later, percentage area. 
sis was further decreased to 42 + 14% (p <0.0 

Coronary flow reserve: In the 24 patients wi 
giographically normal coronary arteries, cor 
flow reserve ranged from 3.4 to 6.5 (Table II 
mean value was 5.0 (SD + 0. 8). The lower limi 
normal coronary flow reserve is therefore 3.4 (2 
below the mean coronary flow reserve). This is ci 
rable to the normal values for coronary flow rt 
reported by other groups.*!* Coronary flow re 
was measured in the myocardial region suppli 
the dilated coronary artery before PTCA, immed 
after PTCA and 5 months later. Consecutive me 
ments were also obtained in 12 adjacent myoc 
regions supplied by a nondilated coronary arter 
ble I, Figure 3). The coronary flow reserve of 
adjacent myocardial regions remained unchang 
mediately after PTCA and after 5 months’ follo 
Coronary flow reserve (mean + SD) in the myoc 
region supplied by the dilated coronary arter 
creased from 1.0 + 0.3 to 2.5 + 0.6 immediately. 
PTCA (p «0.001). In none of these patients was € 
nary flow reserve restored to a normal level imm 
ately after PTCA. A substantial late improvemei 
<0.01) in coronary flow reserve had occurred 5 mc 
later. Coronary flow reserve in the myocardial : 
supplied by the dilated coronary artery 5 months 
PTCA was of the same magnitude as the coronar 
reserve in the myocardial region supplied by a. 
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FIGURE 2. Results of quantitative analyses of coronary ar 










serve o the dilated < coronary artery was restore toa 
normal level of 23.4, whereas in 4 of 15 patients (27%) 
coronary flow reserve was still abnormal (Figures 4 
and 5). Coronary flow reserve 5 months after PTCA 
was related to the change i in minimal cross-sectional 
obstruction area occurring between. immediately after 
PTCA and at follow-up (linear regression analysis: r = 
0.61, standard error of the estimate = = 0.46, Figure 6). In 
10 patients the minimal cross-sectional obstruction 
area 5 months after PTCA was larger than immediate- 
-ly after the procedure (late improvement). Only 1 pa 
tient had a coronary flow reserve of <3. In 5 patients 
: the minimal cross-sectional Lobstrix zonon area — 












higher (r í «0. 05, — test) in ie group with T B 
angiographic improvement (90%) — with the . 
group with late deterioration (40%). x — 
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| — Discussion - i e: o ee 
= coronary flow reserve; LAD = : left anterior descending. coronary The purpose. of the present study- was to | establish 
pe ey — = = right coronary. artery. whether ¢ coronary flow Teserve in a  myocardi al region 
OpsNS- 


7 FIGURE: 3. Coronary tows reserve (CFR) mea- 

. .Sured with digital subtraction cineanglography, 
.. before, immediately after and 5 months after _ 

j percutaneous transluminal | coronary | angio- 














Rz a nondilated. and angiographically normal 
ooronary artery. 


1,026.3! 





5 months. 


before 
angioplasty | follow - up 


FIGURE 4, Coronary flow reserve (CFR) plotted 

| against minimal cross-sectional obstruction area 
(0A) 5. months after percutaneous transluminal 
coronary angioplasty. The lower limit of the normal 
value for CFR as measured with the digital sub- 

x traction cineanglographic technique is 
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éd group of patients us no angina am. a n 
exercise thallium scintigram, the percentage « 
tients with late NA improvement was 


ary mE reserve was E There are — 
possible explanations for this phenomenon. 

First, since coronary flow reserve is a ratio between 
maximal coronary blood flow and resting flow, an in- 
crease in resting flow results in a decrease of this ratio. 
The radiographic technique we used does not provide 
us with absolute measurements of volume flow and we 
therefore cannot draw any. conclusion regarding the 
Testing coronary volume flow after the. PTCA proce- 
dure ae: um —— Ming the — 


abolic limit coronary fos wes to the e after PIC ČA. Th “Them ickly 
re ende as 3 shown by the fast c t gacline r af af temporarily 


technique pend a | 
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s of the sequential coronary ie reserve and 
uction area measurements of the present study 
imposed. The data of the present study are with- 
1e 95% confidence limits of the relation between 
'eserve and obstruction area. Therefore, the per- 
ting reduced obstruction area is by itself a sufficient 
planation for the limited restoration of coronary 
' reserve, although it does not rule out other con- 
buting pathophysiologic mechanisms. 
Limitations: There are 2 important limitations of 


anges in luminal size of an artery after the mechani- 
-disruption of its internal wall may be difficult to 
ess by angiographic means.?!?? The irregular shape 
¿intimal tears that fill with contrast medium to a 
able extent will result in some overestimation of 
true functional luminal size immediately after 
. Second, the extent of coronary atherosclero- 
may be difficult to delineate angiographically. 
*herson et al? documented that substantial intimal 
osclerosis resulting in diffuse obstructive disease 
volves the entire length of an epicardial artery is 
n present, even when angiograms reveal only dis- 
lesions. As a consequence, relative measure- 
of stenosis severity are an inadequate approach 
ssessing the severity of coronary obstructions. This 
y explain why 4 of our patients with only very mild 
idual stenoses 5 months after PTCA still had an 
bnormal vasodilatory reserve. 
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$ og raphy. The m mean —— 00 | pressure atr 
yas reduced by 596 and the left ventriculai 
on at rest decreased — because of 





































completely: delineated. The findings of some 


sant effect on cardiac performance in healthy young 
 subjects.!? Other investigations have shown a dose- 
. dependent depression of myocardial contractility as 
"measured by systolic time intervals? and radionuclide 
 cardiography.^ In 1 study a decrease in left ventricular 
V) contractility was not revealed until autonomic 
'kade of the heart was performed, suggesting that 
autonomic nervous system. masks the alcohol-in- 
luced myocardial depression in the intact heart.’ 

"The information concerning alcohol ingestion con- 
ed by physicians to their cardiac patients is based 
on the results of very few and uncontrolled investiga- 
. tions of hemodynamic effects of alcohol in patients 
with heart disease.*-* The present controlled study 
evaluates central hemodynamics, including LV vol- 
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resistance. No icon changes occurred 
ma catecholamines 

. any variable during n 
30 to 40% eos * te >in inc cre 'e 


nary ariary disease. A mild exercise load can 
tolerated: ^" urin 


effects of alcohol on A cardiovascular system 


ontrolled studies suggest that alcohol has no depres- 
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(Am J Cardiol 1988;61:6 


ume changes at rest and during upright exerc 
patients with coronary artery disease (CAD) at 
ate alcohol intoxication. 


Methods 


Twenty-eight men with CAD and no daily 
intake entered the study. In 14 patients the p 
nant symptom was angina pectoris on exertion, . 
patients were receiving treatment for congestive 
failure. The diagnosis of CAD was established | 
trocardiographic changes of previous myocard 
farction (22 patients) or ischemic ST-segment c 
during exercise (14 patients], or both. All patient 
clinically stable at the time of the investigation, ; 
patients with congestive heart failure were consid 
to be in functional class II to III according to th 
York Heart Association classification despite me 
treatment. After detailed information was prot 
and consent was obtained, the patients were allo 
to the alcohol group (18 patients, 9 with angina pe 
and 9 with heart failure; mean age 59 years [ran 
70]! or control group (10 patients, 5 with angina [ 
ris and 5 with heart failure; mean age 63 years [1 
48 to 71]). The study protocol was approved by th 
scientific ethical committee. 

Investigations were performed before a 
alcohol int xication i in n the — positi i 





























art rate (beats X min" !) 
Mean arterial pressure (mm Hg) 

ight atrial pressure (mm Hg) 

Mean pulmonary artery pressure (mm Hg) 

‘Mean pulmonary artery wedge pressure (mm Hg) 
Cardiac index (liter X min~' X m-?) 

Stroke volume index (mi X m") | 

Left ventricular end-diastolic volume index (ml X m^?) 


ft ventricular end-systolic volume index (mi X m7?) 


O»O»O»-O»0-0»0»0»0»0» 


otal peripheral resistance (dynes X min X om~’) 


igures are mean values with standard deviation in parentheses. 
= alcohol study (n-18); C = contro! study (n= 10). 
« 0.001. Qe T 







ts of 12.5 watts to produce a heart rate increase of 
40% compared with the value at rest without 
king cardiac symptoms. Data recorded were 
t rate, auscultatory blood pressure, precordial 
rocardiographic tracing, right atrial pressure, 
onary artery pressure, pulmonary artery wedge 
ssure, cardiac output and LV ejection fraction. Ve- 
blood was drawn for determination of serum eth- 
and plasma catecholamine concentrations. After 
-sided heart catheterization, the patients were al- 
d 30 minutes of rest, whereupon baseline mea- 
ments were performed at rest and during exercise. 
vatients then rested for 10 minutes, and d uring the 
wing 30- to 40-minute period they ingested 0.9 g 
ol per kg body weight in the form of 80-proof 
skey with an equal volume of chilled water. After 
ditional rest period of 30 minutes, all data acqui- 
s were repeated and venous blood was drawn for 
ination of serum ethanol concentrations. Con- 
udies were performed using an identical investi- 
| schedule with the exception that alcohol was 
tuted with an isocaloric, isovolumic solution of 


































sht-sided heart catheterization was performed 
antecubital vein using a 4-lumen balloon tipped 
ermodilution catheter (Edwards). Intravascular 
ires were measured using a HP 78341 A recorder 
ett-Packard). 
"diac output was determined as the average of 2 
rements deviating <5% by the thermodilution 
que using a cardiac output computer (Edwards). 
olume was calculated as cardiac output divid- 
lide cardiogr: 
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mCi) of technetium-99m.10 Data were collected using a 
cardiac gamma camera (Siemens) equipped with an 
all-purpose parallel hole collimator and connected 
with a dedicated computer (Scintiview, Siemens). LV 
ejection fraction was calculated as (LV end-diastolic 
counts minus LV end-systolic counts) divided by LV 
end-diastolic. counts, with all counts corrected for 
background activity. In patients without mitral regur- 
gitation LV end-diastolic volume was calculated as 
stroke volume divided by LV ej ection fraction, and LV 
end-systolic volume as LV end-diastolic volume minus - 
stroke volume. | | i 

Serum ethanol concentrations were determined by 
the gas chromatographic method. : 

The concentrations of plasma epinephrine and nor- 
epinephrine were determined by isotope derivative 
assay." . 

All data acquired after ingestion of alcohol or the 
nonalcoholic drink were compared with the appropri- 
ate baseline values. Statistical analysis of the respec- 
tive differences was performed by means of the Stu- 
dent t test for unpaired observations. A p value «0.05 
was considered significant. SE 


Results | MEM 

No patients developed any deterioration in cardiac 
symptoms after alcohol ingestion. The mean serum 
ethanol concentration 
cohol ingestion was 20. 
ing to 96 + 15 mg/100 
and during exercise be 



























































ressure changes were similar in patients 

angina pectoris and in those with heart failure. 
ecause of a small, albeit insignificant, decrease in 
diac index at rest, no significant change occurred in 






with an 









"the total peripheral resistance. No changes were ob- 
served in the pulmonary artery pressure or pulmonary 
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rest in the upright posi- 








re 


idings are in accordance with the results of a recent 
idy in our laboratory, in which autonomic nervous 

ckade of the heart in healthy subjects resulted in a 
ilar LV ejection fraction reduction during exercise, 


. gested in a few patient studies. Administration of 80 to 
. 90 ml of whiskey produced a small decrease in stroke 
- volume in patients with various noncoronary cardiac 
. disorders, whereas a depressant effect on the myocar- 
_ dium could only be demonstrated during light exercise 
- $n patients with ischemic heart disease.’ No evidence 
ute alcohol-induced deterioration of cardiac per- 

was recorded in patients with congestive 
liopathic cardiomyopathy. Th 
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ischemic le 
their study corresponded to those of the present: 


The present findings suggest that alcohol ingested ~~ 


tsignificant reduc- — 


ction in the systemic arterial blood pressure, the - 


. whetheralcohol or a caloric drink had been ingested.” 
.-. Acardiodepressant effect of alcohol has been sug- 


































iographi :gment depression in pa 
emic heart disease. The serum ethanol 1 















Because valid measurements of central hemody 
ics require steady-state conditions, we did not. 
our patients to workloads resulting in cardia 
Thus, the present study did not evaluate alcoh 
duced alterations in the angina pectoris thresho 
quantitative ischemia of the electrocardiogram. | 
ever, unlike the study of Orlando et al, we did no 
changes in either the heart rate or systolic bloo 

sure response to exercise during alcohol intoxic 
















































«. Was NOt : 
submaximal w 
iol intoxication. 





ie decrease in mean arterial blood pressure after 
hol ingestion of the present study was in ac- 
ance with the findings of Greenberg et al? who 
amined patients with idiopathic cardiomyopathy. . 





ge pressure. Since cardiac output was unchanged, 
is reduced by alcohol in patients with cardiomy- 
yy. Our results indicate, on the other hand, that 


chemic heart disease. | mE 
om the present study, we conclude that in pa- 





mic arterial blood pressure at rest and no alcohol- 
ed hemodynamic changes occur during mild ex- 
. Thus, alcohol ingested in moderate doses is 
ely to produce clinical symptoms in patients with 
mic heart disease. ONE 


il assistance. 





8 sung response t 
during 


ever, unlike our findings, they recorded reduc- 
in the pulmonary artery and pulmonary capillary 


cocktail. JAM 
7. Conway N 
Icohol-induced changes do not occur in patients - 


to underlying CAD, alcohol intake produces a- 
| reduction in LV emptying and a decrease in the 
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tes : s em s (both, p <0. 0.01). There were r 
ficant changes in heart rate, n mean aortic pres- 































L. relation Benton myocardial energy supply and 
. demand may theoretically be improved by changing 
myocardial substrate utilization from predominantly 
ree fatty acids to carbohydrates. This could lead to an 
rease in adenosine triphosphate to oxygen ratio.’ 
ring myocardial metabolism in this way has poten- 
to affect the relation between cardiac mechanical 
pon and oxygen consumption, thereby i improving 
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. tate consumption was maintained (21 + 8 vs 19 
11 X 107? mEq/min, p is not significant at p - 


tate utilization at a lower arterial concentration, 
l2 cause peripheral. vasodilation, augment stroke ! 


. reduced isch 










sure, LV end-diastolic pressure, LV dP/dt ma: 
ae onary re sk tance or my 












proved from 24 to 3296 g^ <0. 05). ring 





















0.05 level) at a lower arterial lactate conc 
tion (0.72 + 0. 09 to 0.47 + 0.08 mEq/liter,. 
<0.05). DCA appears to stimulate myocardia 








and enhance myocardial efficiency in patient 
with coronary artery disease. : 
.. (Am J Cardiol 1988;61 :65 


myocardial efficiency while lessening myocard 
chemia. Animal studies have shown that eleva! 
els of free fatty acids : may enhance myocardial 
consumption without improving the mechanica | 
ity% so that myocardial efficiency is reduced. I 
therefore, proposed that myocardial ischemia mi 
reduced by agents that promote glucose utilizatio 
inhibit fatty acid metabolism.9-? Consistent wit! 
hypothesis are reports. of reduced myocardial 
gen consumption in patients with coronary arter 
ease” and ischemic injury in animals after in 
of glucose, insulin and potassium!” or antil 
drugs.1?34 At variance with this, Rogers et alë s 
ed that heparin-induced free fatty acid elevat 
not influence myocardial oxygen consumption i 
Dichloroacetate (DCA), by activation of p: 
dehydrogenase,!9 stimulates glucose aerobic n 
lism and inhibits fatty acid oxidation in isolate 
fused rat and intact dog hearts.!97 DCA also 
resting. myocardial oxygen consumption in. al 
and in animals uL acute coronary 0 
shemic: d lactate prod: 






































































se status. — Burns et ap "suggested 
A may augment myocardial performance in rat 
by stimulating pyruvate dehydrogenase and re- 
ig myocardial ATP levels. _ 

aus, DCA appears to have potential for improving 
diac performance and reducing myocardial ische- 
although these responses have not been specifi- 
evaluated in patients with coronary artery dis- 
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modynamic effects of DCA in patients with ischemic — 
hear disease. 


Methods 

Patient selection: Nine patients (8 men, mean age 
58 years, range 49 to 72) with angina pectoris and elec- 
trocardiographic evidence for ischemia with stress 
testing and coronary artery disease by angiography 
were studied during clinically indicated cardiac cathe- 
terization. No patient had a fasting blood glucose >100 
mg/dl. No patient took 8-adrenergic blocking agents or 
calcium antagonist drugs for at least 48 hours before 
study. Sublingual nitroglycerin was permitted, but 
long-acting nitrates were discontinued at least 24 
hours before the study. The experimental protocol was 
approved by institutional review boards and all pa- 
tients gave informed consent. 

Cardiac catheterization: After an overnight fast, a 
small plastic catheter was inserted percutaneously into 
either the left brachial or right femoral artery for blood 


sampling. High fidelity left ventricular (LV] and as- 


cending aortic pressures were measured with an 8Fr 
Millar multisensor catheter. A multithermistor cathe- 
ter was positioned in the midcoronary sinus. Coronary 
sinus flow was estimated by continuous thermodilu- 
tion as previously described. Cardiac output was 
measured using indocyanine green. The electrocar- 
diogram was recorded from multiple leads. 

Control period: After catheters were in place and 
heart rate and blood pressure remained stable (45%) 
for approximately 5 minutes, control period recordings 
were made. These consisted of the electrocardiogram, 
aortic, LV and coronary sinus pressure signals, coro- 
nary sinus and indicator temperatures and cardiac 
output. Arterial and coronary sinus blood samples 
were obtained for metabolic studies. 

Dichloroacetate period: Sodium DCA (Tokyo Ka- 
sei Kogyo Co.) was dissolved in sterile saline and pre- 
pared as reported previously.? Because DCA had nev- 
er been administered to patients with ischemic heart 
disease, ascending doses of 1, 10, 20 and 30 mg/kg 
were given to the first 4 patients, respectively. The 
final 5 patients each received 50 mg/kg (mean dose 
34.5). The dose was administered intravenously over 
15 minutes. DCA period measurements and blood 
samples were then made as already noted. 

Metabolic studies: Blood samples were collected 
using heparinized syringes. One-ml samples were 
added to chilled plastic tubes containing 10% perchlo- 
ric acid, immediately deproteinized and frozen at 
—20?C for subsequent determination of blood lac- 
tate, as previously described.? Oxygen determinations 
were made using standard polarographic techniques. 

Measurements and calculations: From the record- 
ings made, LV and aortic pressures (mm Hg), heart rate 
(beats/min) and peak LV dP/dt were measured over at 
least 10 consecutive beats free of extrasystoles and 
averaged for reach. p Stroke volume (ml) w was S Gale 

sar ivided by heart rate. Mean 




































irghta i pre : y 
diac output times 80. Coronary sinus flow (ml/min 


- was calculated from coronary sinus blood and indica- - 


— tor (saline) temperatures as described previously.22 


-= Coronary resistance was estimated from mean aortic 


. pressure divided by coronary flow. Myocardial oxy- 
—. gen consumption was calculated as coronary flow 
times (arterial oxygen content minus coronary sinus 
oxygen content) Oxygen content was calculated as 
(hemoglobin saturation times hemoglobin concentra- 
tion times 1.34). LV stroke work index was calculated 
as mean arterial pressure times stroke volume divided 
_ by body surface area (m?). LV work was calculated as 
E systolic pressure minus LV end-diastolic pressure 
ardiac output.? An index of myocardial effi- 
as calculated as LV minute work divided by 
oxygen consumption times 100%. Myocar- 
consumption was calculated as (aortic mi- 
sinus [lactate]) times coronary flow. 
nary and left ventriculography were per- 
formed at the end of the study using standard tech- 
niques. LV ejection fraction was measured from the 
right anterior oblique view. 
= Statistical analysis: Mean and standard error of the 
. mean values were determined for each period. Statis- 
tical comparisons between control and DCA periods 
vere made using either the t test for related measures 















test for metabolic data. Other statistical analyses were 
performed using simple linear regression analysis. P 
alues $0.05 were considered to be significant. 


bg "Individual patient data are summarized i in Table I. 
— . Four patients had depressed LV function assessed by 
an ejection fraction <50%. All patients were in normal 
sinus rhythm and tolerated DCA without noticeable 
side effects. Specifically, DCA did not precipitate an- 
gina or ST-segment shifts suggesting ischemia. 
n Resting hemodynamic measurements are summa- 
-rized in Figures 1 and 2 for control and DCA periods. 
- The group hemodynamic data at rest are essentially 
normal, although 3 patients had elevation of LV end- 
_ diastolic pressure. After DCA administration, there 
-. .Were no statistically significant changes in either heart 
— rate (69 + 3 to 73 + 2 beats/min) or mean aortic pres- 
. Sure (97 + 3 to 101 + 4 mm Hg). Cardiac output, how- 
. ever, increased significantly (p «0.01) from 5 + 1 to7 + 
1 liters/min. Systemic vascular resistance decreased 
from 1,573 + 199 to 1,319 + 180 dynes - s - cm? (p 
<0.01) and stroke volume increased from 77 + 7 to 87 + 
7 ml (p «0.01). Changes in cardiac output were not 
significantly correlated with changes in heart rate (y = 
0.27x + 1.76, r = 0.33) or systemic vascular resistance (y 
= = 0.27x + 10.2, r = 0.43, difference not significant), but 
JUS — apap associated — dre in — 

















 nary sinus ; blood flow (130 + "22 i versus 


jr hemodynamic data or the Wilcoxon signed-rank 


ml/min) nor coronary resistance (0.87 + 0.1 
0.85 + 0.00 mm Hg/ml/min) were altered b 
administration. The heart rate-systolic pressure 
uct was not significantly changed (97 + 4 Versus: 
x 102). | 

The effects of DCA on myocardial metabolisn 
efficiency are summarized in Figure 3. DCA d 
significantly affect myocardial oxygen cons 
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iscussion 
< These findings suggest that acute administration of 
- DCA exerts several hemodynamic and metabolic ef- 
. fects in patients with coronary artery disease. One of 
the most striking changes is augmentation of cardiac 
output that occurred in all 9 patients. This finding was 
also previously observed in animals? and in critical- 
ly ill patients with hypotension and lactic acidosis.^? 
This increase in systemic blood flow appeared to re- 
late to an increase in stroke volume but not heart rate. 
There was only a weak, but not statistically signifi- 
cant, association between changes in systemic vascu- 
-Jar resistance and cardiac output. This supports the 
- concept that the nonfailing left ventricle is relatively 
ensitive to small changes in afterload.**”” Although 
there were no statistically important changes in LV 
-dP/dt max, an upward and leftward shift in the LV 
` function curve after drug administration suggests that 
-DCA improved performance. Burns et al® recently 












. suggested that DCA may enhance the inotropic effects 


of both amrinone and ouabain to increase LV work 
- and efficiency in a rat model of endotoxic shock. These 
- findings are consistent with our data, suggesting that 
- DCA improves LV work and myocardial efficiency at 
. fest. Since myocardial oxygen consumption was un- 
iged in our studies, it is possible that DCA en- 
ocardial performance by elevating ATP lev- 
as previously described in isolated heart stud- 
128 DCA also induced peripheral vasodilation as 
ggested by the reduction in systemic vascular resis- 
ice, an effect similarly noted in animal studies.” 
- The vasodilatory effect of DCA may further enhance 
- cardiac output in patients with heart failure, since the 
failing left ventricle is more responsive to changes in 
afterload than the normal ventricle.?97 — . 
DCA is known to exert multiple effects on interme- 
. diary metabolism.” It stimulates mitochondrial pyru- 
~ vate dehydrogenase‘ that catalyzes the rate-limiting 
































lactate production by muscle.” Those effects ac- 
at least in part, for the utility of DCA in treat- 











t of "lactic acidosis"!?2931 and provide possible 
anisms to explain the arterial lactate-lowering 
‘ect observed in our patients. Myocardial lactate up- 
-take is known to be directly related to arterial lactate 
Jevels. Accordingly, reduction in arterial lactate con- 
..centration may be expected to result in decreased 
— myocardial lactate consumption. Despite significantly 
` decreased arterial lactate concentrations during DCA 
administration, net myocardial lactate consumption 
was maintained. This finding is consistent with re- 
_ ports that DCA directly stimulates myocardial lactate 
consumption.??9 
revious investigations using intact animals'”’* or 
] heart preparations!" have shown that myo- 
zation of glucose is stimulated, whereas 
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in lactate and pyruvate oxidation. It may also in- 





ali? used . 





















er workers mu 
of myocardial pyruvate dehydrogenase activi 
hence, lactate oxidation by DCA are associated 
increased myocardial ATP levels and LV work.” 
en together, these observations and our data inc 
that DCA may first improve myocardial aerobic le 
metabolism and that this effect may be translate 
increased myocardial high-energy phosphate. ‘ 
metabolic changes, in turn, may enhance cardiat 
formance. | "E | E 
Several limitations of this study are worthy of 
tion. A relatively small number of patients were 
ied and varying doses of DCA were adminis 
Nevertheless, hemodynamic and metabolic resp 
of our subjects were similar over a 1 to 50 mg/kg 
range, suggesting that the hemodynamic and mel 
ic responses observed occur at relatively low sys 
concentrations of DCA.9233 Our current study: 
the background required to encourage more exte 
studies with DCA in patients with heart diseas: 
Acknowledgment: The authors acknowledge 
clinical assistance of Anthea Lorenz, RN, and the 
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"For symptomatic 
"non-sustained 
-V- Tach and 
"frequent PVCs 


— Treatment of symptomatic 

- PVCs and non-sustained V-Tach 
- should be reserved for patients in 
whom, in the opinion of the phy- 
_sician, the benefits of antiarrhyth- 
mic therapy outweigh the risks 

- (e.g., proarrhythmia). 


"For documented 
dife-threatening 
rarrhythmias 


-Therapy should be initiated 
in the hospital for patients with 


sustained V- Tach and is also advis- 


L able for patients with a relatively 
- high risk of proarrhythmia and at 
_ the time of a dose increase to 


- 200 mg/day or above. 
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The 
antiarrhythmic 
benefits 

of quinidine, 


with fewer 
non-cardiac 
side effects 

















Abolished 
non-sustained 


V-Tach in 


of patients 














had PVC had PVC d 
suppression suppression - — 


(p< 0.05 versus quinidine) 





.001 versus quinidine) 


andomized, double-blind crossover comparative clinical trial with quinidine utilizing 187 outpatients 
with ventricular arrhythmias who, in the opinion of the investigators, required therapy. 
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ENKAID 


encainide HCI 


" Effective with no changes 
in cardiac performance 


Bi Studies of hemodynamic effects show no changes in: 


left ventricular ejection fraction 


cardiac or stroke volume index 


pulmonary capillary wedge pressure 


E Effective even in patients refractory to other 


antiarrhythmics. 


ENKAID encanide HO) 







Usual Recommendation 
25mgtid* | s 
35 mgtid* gis 
50 mg t.i.d* 


50 mg q.i.d** 
"approximately qb! 


Dosage 





Initial dose 


|. First increment (if required) 


Second increment (if required) 















-. Maximum recommended 





*approximately q8h 


Initiate therapy at lowest dosage and increase gradually. 
Allow 3 to 5 days between dosing increments. 


CAUTION: FEDERAL LAW PROHIBITS DISPENSING WITHOUT PRESCRIPTION 


INDICATIONS AND USAGE 
ENKAID is indicated for the treatment of documented life-threatening arrhythmias, such a$ sustained ventricular tachycardia. 

ENKAID is also indicated for the treatment of patients with symptomatic non-sustained ventricular tachycardia and frequent 
premature ventricular complexes. Because of the proarrhythmic effects of ENKAID, its use in these less severe arrhythmias 
should be reserved for patients in whom, in the opinion of the physician, the benefits of treatment outweigh the nsks. 

For patients with sustained ventricular tachycardia, ENKAID, like other antiarrhythmics should be initiated in the hospital. 
Hospitalization is also advisable for other patients with a relatively high risk of proarrhythmia including patients with sympto- 
matic congestive heart failure, cardiomyopathy or non-sustained ventricular tachycardia, depending on their cardiac status 
and underlying cardiac disease. Patients should also be hospitalized at the time of a dose increase to 200 mg per day or 
above (see DOSAGE AND ADMINISTRATION). 

The effects of ENKAID in patients with a recent acute myocardial infarction and in patients with supraventricular arrhyth- 
mias have not been adequately studied. 

As is the case for other antiarrhythmic agents, there is no evidence from controlled trials that the use of ENKAID 
favorably affects survival or the incidence of sudden death. 


CONTRAINDICATIONS 
ENKAID is contraindicated in patients with preexisting second- or third-degree AV block, or with nght bundle branch block 
when associated with a left hemiblock (bifascicular block), unless a pacemaker is present to sustain the cardiac rhythm 


should complete heart block occur. ENKAID is also contraindicated in the presence of cardiogenic shock or known hyper- 


sensitivity to the drug. 


n 4 d p a ^. 
"itat Iu aeta uk ate na 


— " 





Proarrhythmia 
ENKAID, like other antiarrhythmic agents, can cause new or worsened arrhythmias. Such proarrhythmic effects range from an increase in 
frequency of PVCs to the development of more severe ventricular tachycardia; e.g., tachycardia that is more sustained or more resistant to 
conversion to sinus rhythm. with potentially fatal consequences. 

in patients with malignant arrhythmias, it is often difficult to distinguish a spontaneous variation in the patient's underlying rhythm 
disorder from drug induced worsening, so the following occurrence rates must be considered approximations. 

Overall. in clinical trials with ENKAID about 10% of all patients had proarrhythmic events, about 6% of them representing new or worsened 
— oer CHO cto Dia aba atten e gud eke ee ee 


clinical heart disease ranged from 3 to 4%. Proarrhythmia occurred least frequently in patients with no known structural heart disease. 
Age. sex, baseline ECG intervals, or ECG changes caused by ENKAID were not predictive of the occurrence of proarrhythmia. 

A review of deaths in clinical trials indicates that about 1% of patients might have died of a possible proarrhythmic effect of ENKAIG. IM 
virtually all of them patients with a history of ventricular tachycardia. In mast cases patients had a history of sustained ventricular tachycardia 
or ventricular fibrillation. 

Proarrhythmic events occurred most commonly during the first week of therapy and were much more common when doses exceeded 
200 mg/day. Initiating therapy at 75 mg/day combined with gradual dose adjustment reduced the risk of proarrhythmia (See DOSAGE AND 
ADMINISTRATION). 

Congestive Heart Failure 

New or worsened congestive heart failure (CHF) attributed to ENKAID occurred infrequently (< 1%); nevertheless, ENKAID 
should be used cautiously in patients with CHF or congestive cardiomyopathy. 

Electrolyte Disturbances 

Hypokalemia or hyperkalemia may alter the effects of Class | antiarrhythmic drugs. Preexisting hypokalemia or hyperkalemia 
should be corrected before administration of ENKAID. 

Sick Sinus Syndrome— (Bradycardia- Tachycardia Syndrome) 

ENKAID should be used only with extreme caution in patients with sick sinus syndrome because it may cause sinus brady- 
Cardia, sinus pause, or sinus arrest 


Electrocardiographic Changes 
ENKAID slows conduction and consequently produces dose related changes in the PR and QRS intervals. The intervals 
increase in a linear manner at doses from 30 to 225 mg/day. There is no consistent change in JT. The QTc interval is 
increased, but only to the extent of the increase in QRS interval. 

Clinically significant changes in cardiac conduction have been observed. Sinus bradycardia, sinus pause, or sinus arrest 
occurred in 1% of the patients and prolongation of QRS interval to greater than/or equal to 0.20 sec developed in about 7% 
of the patients, The incidence of second- or third-degree AV block was less, 0.5% and 0.2% respectively. 


Effects on Pacemaker Thresholds 

The safety af ENKAID in patients with permanently implanted programmable pacemakers has been established in a small 

(10 patient) study which evaluated the effects of increasing doses on pacemaker thresholds. ENKAID has a limited potential 

for increasing pacemaker thresholds. Only one subject had a clinically significant change that would require pacemaker re- 
programming and that occurred only at the highest dose tested (75 mg ti.d.). These effects were reversed when the drug was 

discontinued. It is advisable to establish pacemaker threshold prior to encainide administration and at regular intervals during 

therapy. Reprogramming of multiprogrammable pacemakers may be required to increase voltage or pulse width. ENKAID 

should not be administered to patients with existing poor thresholds or non-programmable pacemakers unless suitable 

pacing rescue is available. In addition to possible rise in pacing threshold, ENKAID may suppress ventricular escape rhythms. 


PRECAUTIONS 

Drug Interactions 

In prospective studies single and multiple doses of ENKAID have had no significant effect on serum digoxin levels. Likewise, 
combined digoxin/ENKAID therapy has been administered without adverse effects. 

Experience has indicated no obvious problems with the combined use of ENKAID and other antiarrhythmic agents, 
diuretics, beta blockers or calcium channel blockers, However, because of possible additive pharmacologic effects, caution 
is indicated when ENKAID is used with another antiarrhythmic agent or any other drug that affects cardiac conduction. 
Cimetidine (300 mg q.i.d.) increases plasma concentrations of encainide and its active metabolites. Although no clinically — 

is Je TIN "4 "raw t TNR is R. PAPER N? LE sey > 2s dn 


242 
al 





£e 











- Well tolerated in long-term 
therapy 


E Few discontinuations due to side effects 
even after 4 years. 


The most serious side effects of Enkaid are dizziness 
and blurred vision. In clinical studies with Enkaid, 
about 1096 of patients had proarrhythmic events, 
occurring most frequently in patients with sustained 
ventricular tachycardia or underlying heart disease. 


— 


See brief summary for more information on Enkaid's side 
effects in life-threatening arrhythmias. Hospitalization is 
recommended in a facility with cardiac monitoring capabilities 
for patients with sustained V-Tach, sinus node dysfunction, 
cardiomyopathy and/or CHE or at the time of a dose 
increase to 200 mg/day or above. 
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ENKAID 
encainide HCI 


An alternative to classic 
antiarrhythmic therapy 





significant consequences have been reported, caution should be utilized when the two drugs are administered simultaneously. 
ENKAID dosage should be reduced if cimetidine is to be given to a patient taking ENKAID. 

In vitro binding studies with several drugs that may be administered concomitantly have not revealed any significant 
alteration in the protein binding of encainide, ODE, or MODE; nor did high concentrations of encainide and its metabolites 
alter the binding of the other medications including such highly protein bound drugs as warfarin. 


Hepatic Impairment 

Patients with hepatic impairment have a significantly reduced rate of elimination of encainide, probably as a consequence 
of decreased metabolism to ODE and MODE; serum concentrations of ODE and MODE, however, are little altered. There is 
insufficient experience to be certain about the need for alterations in the dose and/or dosing interval of ENKAID in patients 
with hepatic disease, but it is prudent to increase doses cautiously. 


Renal Impairment 

Limited data suggest that reduction in the elimination of encainide and its active metabolites ODE and MODE in patients 
with severe renal impairment (serum creatinine >3.5 mg/dl or creatinine clearance of less than 20 ml/min) results in 

Bøignificant accumulation of metabolites and, to a lesser degree, encainide. In such patients therapy with ENKAID should be 
initiated with a single daily dose of 25 mg. If needed the dose may be increased to 25 mg b.i.d. after at least 7 days, and 
again to 25 mg ti.d. after an additional 7 days if necessary. Doses above 150 mg per day are not recommended. Consideration 
should be given to reducing ENKAID dosage if renal function deteriorates significantly. 


Carcinogenesis, Mutagenesis. Impairment of Fertility , 

Carcinogenicity studies have been performed by the oral route in rats and mice at doses up to 30 mg/kg/day and 
135 mg/kg/day, respectively. No drug-related increase in tumor incidence was observed. Bacterial and mammalian muta- 
genicity tests with encainide have been negative. No reduction in fertility occurred in rats at oral doses up to 14 mg/kg/day. 
Fertility was reduced when both male and female rats received oral doses of 28 mg/kg/day (approximately 13 times the 
average human dose) prior to mating; there was no reduction with treatment of each sex separately at the same dose. 


Pregnancy Category B i 
Reproduction studies have been performed in rats and rabbits at doses up to 13 and 9 times the average human dose 
respectively and have revealed no evidence of harm to the fetus due to encainide. There are, however, no adequate and 
well-controlled studies in pregnant women. Because animal reproduction studies are not always predictive of human 
response, this drug should be used during pregnancy only if clearly needed. 

Nursing Mothers 


Encainide is excreted in the milk of laboratory animals and has been reported to be present in human milk. Although no 
overt postnatal effects were observed in the postnatal phase of the rodent reproduction studies, other than decreased weight 
at the highest dose of 28 mg/kg/day (13 times human dose), the potential for serious adverse reactions in nursing infants 
from ENKAID is unknown. A decision should be made whether to discontinue nursing or to discontinue the drug, taking 
into account the importance of the drug to the mother. 

Pediatric Use 

The safety and effectiveness of ENKAID in children less than 18 years of age have not been established. 


* ADVERSE REACTIONS 

The most serious adverse reactions reported for ENKAID are the provocation or aggravation of ventricular arrhythmias 
(See WARNINGS). These occurred during the course of the clinical research program in about 10% of the patients who 
received a wide range of doses under a variety of circumstances. In some cases this resulted in the development of 
sustained ventncular dia or ventricular fibrillation. 

Only 0.4% of patients discontinued ENKAID therapy due to congestive heart failure or related causes. Second- or third- 
degree AV block developed in 0.5% and 0.2% of the patients respectively. Sinus bradycardia, sinus pause or sinus arrest 
. occurred in 196 of the patients. There have been rare reports of elevated serum liver enzymes (alkaline phosphatase, serum 
transaminases), hepatitis, and jaundice; in which a relation to encainide is possible and there has been one instance of a 
rechallenge-confirmed elevation of transaminases. There have also been rare reports of elevated blood glucose levels or of 
increased insulin requirements in diabetic patients. Although no cause and effect relationship has been established, caution 
PME (pP Burdce vk eji d fep suncon or hyperglycemia and consideration 
. Should be given to discontinuing therapy. 
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The most common adverse events reported by at least 3% of patients in controlled clinical trials, occurring at frequencies 
greater than those seen for patients on placebo, are chest pains, death, headache, lower extremity pain, proarrhythmia, 
abdominal pain, constipation, diarrhea, dry mouth, dyspepsia, nausea, dizziness, insomnia, somnolence, abnormal/blurred 
vision, and tinnitus. 


OVERDOSAGE 
intentional or accidental overdosages with ENKAID have resulted in death. 


Signs, Symptoms, and Laboratory Findings Associated with an Overdosage of the Drug 

Overdosage with ENKAID may produce excessive widening of the QRS co:nplex and QT interval and AV dissociation. 
bradycardia and finally asystole may develop. A variety of conduction disturbances may be observed. Convul- 

sions have occurred in one case of intentional overdosage. 


Oral LOs; of the Drug in Animals 
The acute, oral LD<» values for encainide are estimated to be 80 mg/kg in the mouse and 59 mg/kg in the rat. 


Recommended General Treatment Procedures 

In the event of overdosage with ENKAID patients should be hospitalized and provided with cardiac monitoring and advanced 
life support systems. No specific antidote tor ENKAID has been identified; however, one report has suggested hypertonic 
sodium bicarbonate may be useful in managing the cardiac toxicity associated with an ENKAID overdosage. Acute over- 
dosages should be treated by gastric lavage followed by activated charcoal. Treatment of overdosage should be supportive. 


DOSAGE AND AOMINISTRATION 

As with other antiarrhythmic agents, ENKAID therapy in patients with sustained ventricular tachycardia should be initiated in a hospital 
setting with facilities for cardiac rhythm ing. Hospitalization is also recommended for patients with sinus node dysfunction or cardio- 
"CALORE m am NR 
to 200 mg per day or 


Dosages of ENKAID should be adjusted gradually allowing 3 to 5 days between dosing increments. 


HOW SUPPLIED 

Capsules, 25 mg, green and yellow hard gelatin capsule imprinted with ENKAID, 25 mg, Bristol and 732. 
NDC0087-0732-41 Bottles of 100. 

N0C0087-0732-42 Cartons of 100 Unit Dose. 

Capsules, 35 mq, green and orange hard gelatin capsule imprinted with ENKAID, 35 mg, Bristol and 734. 
NDC0087-0734-41 Bottles of 100. 

N0C0087-0734-42 Cartons of 100 Unit Dose. 

Capsules, 50 mq, green and brown hard gelatin capsules imprinted with ENKAID, 50 mg, Bristol and 735. 
NDC0087-0735-41 Bottles of 100. 

NDC0087-0735-42 Cartons of 100 Unit Dose. 


US. Pat. No. 3,931,195 


Refer ences: 

1. Rinkenberger RL, Naccarelli GV, Dougherty AH: New antiarrhythmic agents: Part X—Safety and efficacy of 
encainide in the treatment of ventricular arrhythmias. Practical Cardiol 1987 ;13(3):112. 

2. Morganroth J, Somberg JC, Pool PE, et al: Comparative study of encainide and quinidine in the treatment of 
ventricular arrhythmias. J Am Coll Cardiol 1986;7: 9-16. 

3. Data on file, Bristol Laboratories. 
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his valuable new clinical reference provides a detailed update : on many aspects. of mechanical heart valve 
stheses, including hemodynamics, clinical results, results in children, non-invasive assessments, special 


ications, and implant techniques. Each topic is presented i inan easily understood style and format which 
litate the comprehension of recent developments i in heart valve replacement for the busy clinician. 


ach chapter is written by internationally respected physicians and medical scientists each of whom is 
eminent in his field. All of this information has been co-ordinated by Dr. DeBakey to produce a very 

dable and informative volume on the state-of-the-art of heart valve replacement with mechanical prostheses. 
cardiologist, cardiovascular surgeon, internist, or bioengineer : can afford not to be knowledgeable about the 
ormation in this book. 
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Slow-K 


potassium chloride 


— nidi tablets 
8 mEq (600 mg) 


It means dependability” in almost any language 


* Based on worldwide sales data on file, CIBA Pharmaceutical Company. 

Capsule or tablet slow-release potassium chloride preparations should be reserved for patients 
who cannot tolerate, refuse to take, or have compliance problems with liquid or effervescent 
potassium preparations because of reports of intestinal and gastric ulceration and bleeding 
with slow-release KCl preparations. 


Before prescribing, please consult Brief Prescribing Information on next page. 


© 1988, CIBA. C I B A 128-3568-A 
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loride: Bioavailability and satety. Pharmacotherapy 1980:4(6}:392-397. 
utakis VA, Carter CA, Acchiardo SR: Therapeutic assessment of 
é-K and K-Tab potassium chloride formulations in hypertensive 
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ikatosis; in digitalis intoxication. and in patients wit hypokalemic 
periodic paralysis. i — 
prevention of potassium depletion when the dietary intake of potas- 
— in the following conditions: patients receiving digitalis 
tics tor congestive heart laiture: hepatic cirrhosis with ascites: 
aldosterone excess with normal renai function: pa'assium-Iosing 
thy; and certain diarrheal statss i 
è of potassium salts in patients receiving diuretics for uncompli- 
ligi hypertension is offen | wher such patients have 
dietary pattern. Serum potassium should be checked periodically, 
and if hypokalemia occurs, dietary supplementation with potas- 
ning foods may be adequate to contro! mider cases. in more 
—— with potassium salts may be indicated. 


m supplements are contraindicated in patients with hvperkaternia, 
riher increase in serpm potassium concentration in such patients 
uce cardiac arrest. Hyperkalemia may compiicate any of the follow- 
ifions: chronic renal failure, systemic acidosis such as diabetic 
acute dehydration, extensive tissue breakdown as i severe burns, 
sufficiency, or the administration of a potassium-sparing diuretic 





spironolactone, triamterene} (see OVERDOSAGE). pone 
— forms of potassium supplements are contraindicated in 
ent in. whom there i5 cause for arrest or delay in tablet passa 

the gastrointestinal tract. in these instances, potassium suppie- 
hould be with a liquid preparation. Wax-matrix potassium chio- 
arations have produced esophageal ulberation in certain cardiac 
i£ esophageal compression due fà at eniarged teft atrium. 


a (See OVERDOSAGE 


















 Polassium. 


For good reasons 


Cit works—a 12-year record of efficacy’ 
o It's safe—unsurpassed by any other KCI tablet or capsule?* 


eptable vs liquids—greater palatability, fewer GI complaints, 
lower incidence of nausea? 


It’s comparable to 10 mEq-in iow-dosage supplementation? 


[3 It's economical—less expensive than all other leading KCI slow-release 
supplements on a per tablet cost to the patient! 


slow-release tablets 8mEq600mg) 





For patients who can't or won't tolerate liquid KCL 
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Interaction With Potassium-Sparing Diuretics — — l l 
Hypokalemia should nof be treated by the-concornitant administration of 
potassium salts and a potassium-spanng Guretic (e.g. spironolactone or 
iramterenej, since the simultaneous administration of these agents can 
dens Severe — 
asirointestinal Lesions l l 

Potassium chloride tablets have produced stenotic andior ulcerative lesions 
af the small bowel and deaths. These lesions are caused by a high localized 
concentration of potassium ion in the region of a rapidly dissaiving tablet, 
which injures the bowel wall and thereby produces obstruction. hemor- 
rhage, of perforation. Slow-K is a wax-matrix tablet formulated 16 provide a 
controlled rate of release. of potassium chloride and thus to minimize the 
possibility of a high local concentration afpotassium ion near the bowel 
wall, Whie the reported frequency of smail-howel lesions i$ much less with 
wax-matrix tablets (less than one per 100.000 patient-years) than with 
enteric-coated potassium chloride tablets (40-50 per 100,000 patient- 
Gars) cases associated with wax-matrix tablets have beer reported both in 
orsign Countries and in the United States. in addition, perhaps because the 
wax-matrix preparations are not enteric-coated and release potassium in the 
Stomach, there have been reports of upper gastrointestinal Weeding asso- 
ciated with these products. The total number of gastrointestinal lesions 
remains approximately one per 100.000 patient-years. Stow-K should be 
discontinued immediately and the possibility of bowel obstruction ar perto 
ration considered if severe vomiting. sbdomimal pain. distention, or gasto- 
intestinal bleeding occurs. 
Metabolic Acidosis — 

pokalemia in patients with metabolic acidosis should be treated with an 
aikalinizing potassium salt such as potassiem bicarbonate, potassium ci- 


trate, or potassium acetate. 
PRECAUTIONS 


General: 
The diagnosis of potassium depletion is ordinarily made by demonstrating 
hypokalemia in a patient with 4 clinica! history suggesting some cause for 
potassium depletion. In interpreting the seram potassium level, the physi- 
Gian should bear in mind that acute alkalosis per se can produce hypokale- 
mia in the absence of a deficit in total body potassium, while acute acidosis 
per $e Gan increase the serum potassium concentration into the normal 
range even in the presence of a reduced total body potassium. 
information for Patients T» 
Physicians should consider reminding the patient of the following: — 
0 take each dose without crushing, chewing, or sucking the tablets. 

To take this medicine only a8 directed. This is especially important if the 
patient is afso taking both diuretics and digitalis preparations. 
. To check with the physician if there is trouble swallowing tablets ar if the 
tabiets seern to stick in the throat. 

To check with the doctor at once if tarry stools or other evidence of 

pasas is noticed. 

Reguiar serum potassium determinations are recommended. in addition, 
during the treatment of potassium depletion. careful attention should be 
paid to acid-base balance, other serum electrolyte levels, the electrocardio- 
gram, and the clinical status of the patient, particularly in the presence of 
cardiac disease. renal disease. or acidosis. 
Drug interactions — Ad A 
— WARNINGS. - 

is, Mutagenesis, impairmental Fertilih 

jdies mn animat have not. 







Carcinoger 








*The most common adverse reactions to potassium salts are gastrointestinal side effects. 
tPooled mean serum potassium following oral administration of 30 mEq K-Tab 


Pediatric Use 

Safety and eflectiveness in children have not been established. 

ADVERSE REACTIONS l l 

One of the most severe adverse effects is hyperkalemia (see CONTRAINDI- 
CATIONS. WARNINGS, and OVERDOSAGE}. There also have been reports 
of upper and lower gastrointestinal conditions including obstruction, bised- 
ng, viceration, and perforation (see CONTRAINDICATIONS and WARN- 
INGS} other factors known to be associated with such conditions were 
present in many of these patients. MT EE 

The most common adverse reactions to oral —— are nausea, 
vomiting, abdominal discomfort, and diarrhea. These symptoms are due fü —~ 
irritation of the gastrointestinal tract and are best managed Dy taking the 
dose with meals or reducing the dose. UE 

Skin rash has been raported rarely. l 
OVERDOSAGE , l i : 

The administration of oral potassium salts to persons with normal excretory 
mechanisms for potassium rarely causes serious hyperkalemia. However, if 
excretory mechanisms are impaired or if potassium is administered too 
Cd intravenously, potentially fatal hyperkalemia can result (see CON- 
TRAINDICATIONS and WARNINGS). It is important te recognize that hyper- 
Kalemia is usually asymptomatic and may be manifested only by an 
increased serum potassium concentration (6.5-8.0 mEq/L) and charactere, 
istic electrocardiographie changes (peeking of T waves, loss of P wave, = 
depression of S-T segment, and prolongation of the Q-T interval). Late — 
manifestations include muscle paralysis and cardiovascular collapse from 
cardiac arrest (9-12 mEq/L). 

Treatment measures for hyperkalemia include the following: (1) elimina- 
tion of foods and medications containing potassium and of potassium - 
Sparing diuretics: (2) intravenous administration of 300-500 mi/hr of 10% 
dextrose solution containing 10-20 units of insulin per 1,000 mt (3) correc 
tion of acidosis, if present, with intravenous sodium bicarbonate: (4) use of 
exchange resins, hemodialysis, or peritoneal dialysis. 

in treating hyperkalemia in patients who have been stabilized on digitalis, — 
too rapid a lowering of the serum potassium concentration can produce 
aoe foxicity. 

DOSAGE AND ADMINISTRATION 

The usual dietary intake of potassium by the average adult is 40-80 mEg per 
day. Potassium depletion sufficient to cause hypokalemia usually requires - 
the loss af 200 or more mEq af potassium from the total. body store. Dosage i 
must be adiusted to the individual needs of each patient but is typically in the 
range of 20 mEq per day for the prevention of hypokalemia to 40- 100 mEq or 
more per day for the treatment of potassium depletion. Large numbers of 
tablets should be given in divided doses. 

Note: Siow-K siow-release tablets must be swallowed whole and never 
crushed, chewed. or sucked. 

HOW SUPPLIED l 
Tablets — 600 mg of potassium chloride (equivalent to 8 mEq) round, buff 
colored. sugar-coated {imprinted Siow-K) l 
Bottes of 100... aalala NDC 0083-0165-30 , 
Botties of 1000... Mop RSEN NOG 0083-0165-40 «e 









Consumer Pack — One Unit =e 
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“spasm of a large coronary artery. However, the 
mechanism or mechanisms by which coronary artery 
` spasm occurs is ‘still not clear. It is known that coronary 
- arteries are innervated by both sympathetic and para- 
pathetic nervous systems? and. that a-adrenergic 
lation may. result in coronary. spasm in patients 
riant angina.” More recently, it has been 
that intracoronary injection of acetylcholine, 
arasym pathetic neurotransmitter, also induces 
ry ‘spasm in patients with variant angina.® Thus, 
omic nervous system may play a role in the 
pathogenesis of coronary spasm: Several reports have 
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ic exerciset™1 and the dynamic exercise-induced 
onary spasm has been explained on the basis o 
adrenergic. stimulation. It has been ‘suggested 

reflex a-adrenergic coronary vasoconstriction occi 
during isometric exercise.!?!? However, there are f 
reports of isometric. exercise-induced attack in ] 
tients with variant angina" and there is no systema 
study concerning the induction of angina by isom 
exercise in patients with variant angina. In the pre 
study, we examined whether. angina could be indi 
by isometric handgrip exercise in patients with va. 
angina. We also examined the effect of auton 
blockade on the inducibility of the angina. 


Methods 


Patients: Nineteen patients with variant angin 
men and 3 women], ages 43 to 70 years (mean 95), 3 
studied (Table I). All patients had recurring epis 
of chest pain at rest associated with ST-segment el 












demonstrated coronary spasm either during the 


taneous attack or during the : attack induced b 












ST Elevation on ECG 
During Angina 


| Age (yr), 
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* = Site of coronary spasm. — 
ECG = electrocarciogram; H = high disease activity; L 
left circumflex LM = teft main; I 


ly reported.? Patients were classified into 2 groups: 
up 1 consisted of 8 patients who had organic steno- 
of more than 50% of luminal diameter in the coro- 
ary artery where the spasm was demonstrated. Group 
nsisted of 11 patients who had no organic stenosis 
ore than 50% of luminal diameter in the coronary 
ry where the spasm was demonstrated. The pa- 
its were also classified into the high disease activity 
oup and the low disease activity group. The former 
sisted of 14 patients in whom angina with ST-seg- 
nt elevation had occurred at least once during the 
3 days before the present study, and the latter 
sisted of 5 patients in whom angina had not oc- 
red during the same period. None of the patients 
d previous myocardial infarction, heart failure or 
nduction disturbance. All medication except for 
blingual nitroglycerin was stopped at least 2 days 
ore the study and nitroglycerin was also stopped 2 
rs before the study. Informed consent was ob- 
ed from each patient. - | o 

Iandgrip test: The patients were kept in bed in the 
ng state and were taken in a wheelchair to the test 





for 3 minutes at one-third of the predetermined 
imum grip strength using a dynamometer 8-9377 





where they performed sustained handgrip exer- 
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= low disease activity; LAD = left anterior descending; LC = 
R = right coronary artery; TNG = nitroglycerin. 


(Nihon Koden) or a Smedley's hand dynamometer in 
the supine position. Blood pressure {using cuff sphyg- 
momanometer), heart rate and 12-lead electrocardio- 
gram were recorded at 1-minute intervals. After the 
steady state of these parameters was obtained, hand- 
grip exercise was performed. Blood pressure, heart 
rate and 12-lead electrocardiogram were recorded ev- 
ery 1 minute during the exercise and the following 20- _ 
minute period (Figure 1). Three-lead electrocardio- $ 
gram (aVF, Vs, Vs) was continuously monitored on an — 
oscilloscope. This procedure was performed between 
6 and 7 AM. in the different successive mornings at 
randomized order under 3 conditions: (1) the control, 
(2) after intramuscular administration of phentolamine 
(0.3 mg/kg of body weight) and (3) after intravenous 
administration of atropine sulfate (0.04 mg/kg of body 
weight). In patients 3, 8 and 16, the handgrip test after 
administration of atropine was not performed. 
Statistical analysis: Values of blood pressure and 
heart rate are shown as mean + 1 standard deviation. 
The differences of changes of these parameters before 
and after the drugs, and before, during and after hand- 
grip exercise were assessed by the Student paired t 
test. The incidence of the angina between groups were 
compared by the chi-square test or Fisher's exact test 
when appropriate. A p value of «0.05 was considered 
to be statistically significant. | 
Results 
. Changes in blood pressure and heart rate before, 
e during and after handgrip test: As shown in Table II, . 
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Systolic blood pressure 
(mm Hg) 


Diastolic blood pressure 
(mm Hg) ` 


Heart rate (beats/min) 


Control 


122 + 19 


77 + 12 


5949 


Phentolamine 


119 + 19 


115 & 18 
76 + 11 


71x10 


58 + 10 


68 +9 
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Angina induced 
by Handgrip 





Disease 
Case No. Activity C P A 
1 H + + + 
8) 2 H + + + 

3 H ~ + 

4 H * 4 = 

5 H + + + 

6 H + + + 

7 E d 4 ~ 

8 4 -— — 

9 H + + - 
10 H — ~ -— 
11 H _ -— — 
12 H — — — 
13 H — * -— 
14 H — * * 
15 H — 4 — 
16 H — * 

17 L - * —* 
18 L — 4 — 
18 L * + ~ 


= after atropine administration; C = control; P = after phentolamine 
stration; + = attack induced; — = attack not induced. 


10 to 14, and 15 to 20 minutes after the exercise, 
spectively. When angina appeared, the rate-pres- 
e product had almost returned to the basal values. 
A: represen tative example of angina induced by the 
idgrip test is shown in Figure 4. An. anginal episode 
ociated with ST-segment elevation in leads II, HI, 
F and Vs was induced 1 minute after the cessation 
handgrip exercise. 

ble III shows the relation between the frequency 
e angina and the different conditions. Angina was 
ed in 5 of 19 patients (26%) in the control condi- 
1, in 14 of 19 patients (74%) after phentolamine and 
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—— than i in the ot r2 anaon: (p «Q0. E ‘Of tic 
14 patients in whom angina was not induced in the 
control condition, 9 patients (64%) had angina after 
phentolamine. Of these 9 patients, only 1 had angina 
after atropine. 

Relation between organic stenosis of coronary ar- 
tery and frequency of induction of angina: In group 1 
(8 patients), angina was induced in 4 patients in the 
control condition, in 7 after phentolamine, and in 4 
after atropine (Table III). In group 2 (11 patients}, angi- 
na was induced in 1 patient in the control condition, in 
7 patients after phentolamine and in 1 patient after 
atropine. Although angina tended to be induced more 
frequently in group 1 than in group 2, this was statisti- 
cally not significant. | 

Relation between disease activity and frequency 
of induction of angina: In the high disease activity 
group (14 patients), angina was induced in 5 patients in 
the control condition, in 11 after phentolamine and in 5 
after atropine (Table III). In the low disease activity 
group, angina was induced neither in the control nor 
after atropine in any patient. However, angina was 
induced in 3 patients after phentolamine. Although the 
angina seemed to be induced more frequently in the 
high disease activity group than in the low disease 
activity group, this was statistically not significant, 
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FIGURE 4. Electrocardiograms before the exercise and during the 
anginal — Ne siqnitowt ST T. — — was — — 











E Discussion 
—' . Induction of coronary spasm by isometric exer- 
E “cise: The present study shows that angina associated 
with ST-segment elevation can be induced by isomet- 
ric exercise in a sizable number of patients with vari- 
ant angina. Because the angina with ST-segment ele- 
vation in patients with variant angina has been shown 
to be due to coronary spasm,*^*!! and because the 
angina induced by the handgrip exercise were the 
same as those demonstrated to be due to coronary 
.Spasm by coronary angiography in regard to chest pain 
and sites of ST-segment elevation in the electrocardio- 
- graphic leads in the present study, this study demon- 
-strates that coronary spasm can be induced by isomet- 
d ric exercise in patients with variant angina. Because no 
<- patients in the present study showed spontaneous an- 
ginal attack during the same time zone (between 6 
-and 7 AM) on the days before and after the handgrip 
exercise was performed, the angina attacks during 
the study were considered to have been induced 
_. by the handgrip exercise and not to have occurred 
de. spontaneously. 
— .. Many clinical methods of the induction of coronary 
— “spasm have been reported. 2,4.7-11,14-17 However, there 
were few studies concerning the inducibility of coro- 
nary spasm by isometric exercise,!^!^ and to our best 
iowledge, the present study is the first systematic 
study that demonstrates the induction of coronary 
sm by isometric exercise. There are obvious quan- 
.. titative differences between the responses of the car- 
- -diovascular system to isometric and dynamic exercis- 
es.is The incidence of the induction of coronary spasm 
by dynamic exercise testing has been reported to be 
between 19 and 3575.39! The incidence in the control 
in our study (26%) is higher than that reported by Kaski 
et al.!4 The difference of the results between their 
study and ours may be mainly due to the following 
-.. factors: (1) We performed the test between 6 and 7 A.M. 
in every patient, and they did so between 10 A.M. and 5 
pM. It is known that coronary spasm is more easily 
duced from midnight to early morning’? and (2) we 
oaded one-third of maximum grip strength for 3 min- 
es, whereas they did maximum grip strength for 1 






















l :ffect of autonomic nervous system on the induc- 
- = ibility of coronary spasm: It has been shown that the 
. autonomic nervous system plays an important role in 
- -the pathogenesis of variant angina?7*!9 and that a- 
. adrenergic receptor stimulation could induce coronary 
spasm.?" Further, it has been suggested that reflex a- 

x  adrenergic coronary vasoconstriction occurs during 
. isometric exercise.!?1? Thus, it is not unreasonable to 
. assume that coronary spasm induced by handgrip ex- 
ise was by way of a-adrenergic stimulation. How- 

he present study shows that phentolamine, an 
















blocking agent, did not prevent t the coro- 



















































spasm induced by isometric exercise., . The mech 
by which phentolamine increases the incidence 
onary spasm induced by isometric exercise is no 
at the present time. Phentolamine has not only 
adrenergic blocking effect, but also a direct actio 
vascular smooth muscle.” It seems possible, at le: 
part, that arteriolar dilation by phentolamine 
have provoked steal mechanism, and vascular 
tending pressure may have decreased at the dist 
tion to the stenosis with a reduction in artery d 
sions. It also seems possible that reduction in 
pressure caused by phentolamine may have re 
vasoactive substances and led to coronary spa: 

It is known that withdrawal of vagal tone oc: 
during the early period of handgrip.* The acti 
parasympathetic nervous system may increase 
cessation of handgrip exercise. Because most. 
episodes occurred not during but after the ex 
and because acetylcholine, the parasympatheti 
rotransmitter, induces coronary spasm,? it is pos 
that coronary spasm induced by handgrip exercise 
triggered by the activity of the parasympathetic 
vous system. However, the present study shows 
atropine did not suppress the angina induced by h 
grip exercise. Therefore, the parasympathetic ner 
system also may not play a main role in the produ 
of coronary spasm induced by isometric exer 
Thus, neither the sympathetic nor the parasympat 
nervous system plays solely an important role ir 
production of coronary spasm induced by isom 
exercise. | 

Clinical implications: Our daily activities i 
isometric exercise as well as dynamic exercis 
known that dynamic exercise may induce co: 
spasm in patients with exertional angina as we 
patients with variant angina.*!9/9? The present 
shows that coronary spasm may also be indu 
handgrip exercise in a sizable number of patients 
variant angina and that the administration of phe 
amine increases the incidence of the angina ind 
by handgrip exercise. Although the angina ten 
be induced more frequently in patients with o 
coronary stenosis than in those without and in p: 
with high disease activity than in those withoi 
was statistically not significant, probably part 
cause the number of patients was small. Furthe: 
ies are needed to elucidate the mechanism or m 
nisms by which coronary spasm occurs after isom 
exercise. 


References 


1. Oliva PB, Potts, DE, Pluss RG. Coronary arterial spasm in Prínzm 
angina. Documentation by coronary arteriography. N Engl |] Med 
238:745-751. 
2. Yasue H, Touyama M, Kato H, Tanaka S, Akiyama F. Prinzmetal 
form of angina as a manifestation of alpha-adrenergic receptor-i 
coronary artery spasm: documentation by coronary arteriography 
] 1976;91:148-155. 5 
3. Hillis LD, Braunwald E. QC te, — N En 


























— emer 


Y, Kimura T. Induction of coronary artery spasm. by. - 

iholine i in patients with varian angina: possible role of the parasympa- 

ervous system in the ie pathogenesis id coronary artery spasm. Circula- 
n 74: 955-963. : | 


o C, Specchia G, Bobba P. Th exercise test in variant angina: —— 
ients. Circulation 198 | 
BG, Lee AB, Bo aL, e HT. Reflex constriction of signifi- 
coronary stenosis as a mec anism coi / tributing 1 3 to ischemic deft ventricu-. . 


N g-I | R, Mitchell H, Longhurst C. Reflex. adeng poronary 
nstri ction du ing hindlimb static exercise in dogs. Cire. Res 1981;48: 


WC. . Ergonovin maleate provocative test for coronary arterial spasm. Am] 


Cardiol 1978;41:63: 


f j. Yasue HO Omote 8 "Tak sie A. A Nagao. M 7 K, ‘Tanaka 8. Circadian 
variation of exercise capacity in patients with Prinzmetal's angina: 


Ped of exercise-induced feronoty arterial ol spam. Circulation 1979 :59:938- 


= baer. st — iA Leon DF. — * — jj. 
Autonomie mechanisms in hemodynamic responses to isometric exercise. Je 
Clin Invest 1974;54:104-115. 































KUNIHISA MIWA, MD, MASAHIRO GOTO, MD, JONG DAE LEE, MD, 
. FUMIO MATSUYAMA, MD, HIROMASA SHIMIZU, MD, TORU KATO, MD, 
AKIRA HARA, MD, and TORU NAK 


The significance of coronary y artery spasm has been 
-increasingly emphasized as pathogenic of the entire 
spectrum of ischemic heart disease, including angina 
t angina on effort, unstable. angina? acute myo- 
lial infarction* and sudden death," in addition to 
zmetal's variant form of angina. The precise 
se or causes of coronary spasm remain unclarified. 
ospasm can be caused by variable triggering stimu- 
ncluding histamine,’ serotonin,® thromboxane Az? 
-. - ergonovine,®° alkalosis! and autonomic nervous sys- 
. -tem stimulation.!?-4 Stimulation of the sympathetic 
— »merve induces coronary artery spasm by way of acti- 
— vating alpha receptors present in the large coronary 
. arteries.!^!? Enhanced activity of the parasympathetic 

nerve, which OCCUIS at rest, is also suggested as being 
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7 associated with documented transient ele 
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involved in the initiation of the angina. Howe 
has yet to be determined whether activation of c 
ergic receptors in vascular smooth muscle shoul 
tract or relax human coronary arteries. Recent! 
sue et al reported that intracoronary acetylc 
induced coronary spasm and angina in patient 
variant angina. The present study was undertak 
examine whether or not acetylcholine, the para 


coronary arteries, could precipitate coronary 
Its effect was observed during coronary arteriogr 
in patients with Prinzmetal's variant angina, in co 
subjects or patients without coronary artery dis 
and also in patients with significant organic COTO 
artery stenosis but without variant angina. — 


Methods 


Patients: Ten patients with variant angina 
studied (Table I). All 10 patients had recurren 

















Leads of ST- 


Age (yr), Segment Elevation Coronary Artery 
Sex Stenosis 


During Angina 






H, H, aVF LAD (7) 5096 


7T1,M 
60, M l, aVL, Vas LAD (6) 9996 
LC (13) 50% 
61,M L aVL, Vig LAD (6) 9096 
E 46, M Vis LAD (6) 75% 
is LC (13) 2596 
5 $6, M H, iit, aVF R (2) 50% 
6 51,M il, lil, aVF R (2) 25% 
7 57,F it, Hi, aVF Normai 
8 60, M Vig LAD (6) 2596 
LC (12) 75% 
R (4PD) 7596 
51, M Vog LAD (6) 50% 
LAD (9) 75% 
50, M Vag Normal 


n; + = present; 0 = absent. 


ris with ST-segment elevation was also found in 2 
em (patients 2 and 3) during treadmill exercise 
ss test using the Bruce protocol.’ The exercise 
ss test showed negative findings with adequate 
rt response in the other 8 patients. The episode of 
te localized anterior myocardial infarction devel- 
d before admission in 2 of them (patients 2 and 3], 
variant angina continued after the infarction. 

Another 13 patients without coronary ischemic 
cks underwent selective coronary arteriography, 
hich revealed either normal or nearly normal coro- 
/ arteries with minimal (<25%) fixed luminal nar- 


toris and severe heart disease were excluded. 
se patients were classified as having no coronary 
ry disease (group B). No electrocardiographic is- 
mic changes were noted in them. This group in- 
led 6 men and 7 women with an average age of 53 
rs. Treadmill exercise stress tests showed negative 
ings in all of them. Coronary arteriography was 
ergone also in 8 patients with significant coronary 
ry stenosis (250%) but without variant angina 
up C). Patients with possible episodes of vasospas- 
gina were excluded. Patients with myocardial 
rction within 2 months before the test were also 
ded. This group included 3 men and 5 women 
an average age of 56 years. 

rocedures: Written informed consent was ob- 





ed from each patient before the acetylcholine infu- 
test during coronary arteriography. Administra- 
f all medications except nitroglycerin had been 
ad at least 24 hours before the procedure, and use 
ycerin was also stopped at least 2 hours be- 
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Site Dose 





















left anterior descending coronary artery; LC = left circumflex branch; numbers in parentheses = coronary artery segment according to the reporting 
f the American Heart Association’; PD = posterior descending branch; R = right coronary artery; ST = ST-segment elevation; ST| = ST-segment de- 


ing. Patients with myocardial infarction, angina 






ischemic changes occurred 





Acetylcholine Test 


Chest 


(aug) Pain Electrocardiogram Coronary Spasm 





Right 20 + ST in leads Il, til, aVF 9096 R (1) 
Left 25 * ST? in leads |, aVL, 10096 LAD (6) 
Vi-g 
Left 25 + ST? in leads |, aVL, 100% LAD (6) 
V4.6 
Left 25 * ST? in leads I, aVL, 10096 LAD (6) 
Vis 7596 LC (13) 
Right 25 0 No change 75% R (1) 
Right 25 + ST] in leads li, HI, aVF 9096 R (1) 
Right 25 * ST? in leads II, Ill, aVF 9096 R (1) 
Left 25 * ST in leads V4.5 10096 LAD (6) 
Left 25 + ST| in leads Vↄæ⸗ 75% LAD (6) 
50 + ST} in leads V2. s 10096 LAD (9) 
Left 25 * STf in leads V, s 10096 LAD (6) 


10096 LC (11) 







































with constant monitoring of the electrocardiogram. 
Blood pressure was also continuously monitored ex- 
cept during injection of either contrast medium or ace- 
tylcholine because a common route was used for mon- 
itoring pressure, injection of contrast medium and ad- 
ministration of acetylcholine. Urograffin (3 to 5 ml of 
75%] was used as contrast medium on each coronary 
arteriography. Standard 12-lead electrocardiograms 
were recorded continuously using a 6-channel electro- 
cardiograph. Before coronary arteriography, a tempo- 
rary pacing catheter was inserted into the right ventri- _ 
cle via a peripheral vein and a connected pulse gener- - 
ator was set to a demand-driven rate of 40 beats/min. 

Acetylcholine was injected directly into the coro- 
nary artery through the Judkins catheter after a control 
coronary arteriogram was taken. In the patients of 
group A, acetylcholine was injected into the coronary 
artery supplying the area where ST-segment elevation 
was observed during angina, whereas this agent was 
first given to either the left or the right coronary artery 
in the patients of group B. In the patients of group C, 
acetylcholine was injected into the coronary artery 
with significant organic stenosis. Acetylcholine, which 
had been dissolved in physiologic saline solution, was 
injected into a coronary artery at 10 to 15 ug/min. 
Coronary arteriography was performed when the cu- 
mulative dose of acetylcholine reached 25, 50 and 100 
ug. The administration of acetylcholine was immedi- 
ately stopped and coronary arteriography was per- 
formed when angina or ischemic electrocardiographic 
changes appeared. The angina was relieved promptly 
by sublingual or intracoronary administration of nitro- 
glycerin. If neither angina nor electrocardiographic _ 















tem. Finally, repeat coronary arteriography was per- 
formed after administration of nitroglycerin. The find- 
ings of coronary arteriography were classified accord- 
ing to the reporting system of the American Heart 
Association." ST-segment elevation was defined as 
significant when ST segment observed in the patient's 
spontaneous heart beat, rather than paced beating, 
was elevated from the control level by 20.2 mV, 0.08 
seconds after the R wave. ST-segment depression was 
also defined as significant when it was depressed by 
20.1 mV. 

The criteria of coronary artery vasoconstriction: 
The diameter of the coronary arteries was measured 
with calipers on adequate magnified views of 35 mm 
cineframes. The measurements were made at end- 
diastole and in the same projections of arteriography at 
each stage of the study. The diameter of each coronary 
artery was measured at the site of the most severe 
narrowing after injection of acetylcholine. The value 
was compared with the normal diameter of the same 
artery before administration of acetylcholine. Coro- 
nary vasoconstriction induced by acetylcholine was 
considered to be present either if significant narrow- 
ing (275%) developed or if progression of the stenosis 
in the grade of the American Heart Association!" was 
found in cases of fixed stenosis 2757. Coronary vaso- 
dilation by acetylcholine was considered to be signifi- 
cant if dilation (2257) of luminal diameter compared 
with that observed in the control developed. 

Statistical analysis: Proportional data were ana- 
lyzed by the chi-square test, with Yates' correction if 
one of the frequencies in the 2 by 2 contingency table 
was smaller than 5. A p value «0.05 was considered to 
indicate significance. 


Results 


The results are summarized in Table II and will 
be described separately for each group of patients. 
Blood pressure was essentially unchanged or de- 
creased slightly (10 to 15 mm Hg) during the acetylcho- 
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TABLE Il Summary of the Intracoronary Acetylcholine Test _ 
Group A Group B GroupC —— j 
= 
Pts 10 13 8' T 
Male/female 9/1 6/7 3/5 
Mean age (yr) 56 53 58 — S 
Coronary arteries examined 10 22 9-^. X ; 
Frequency of coronary vaso- m 
constriction 1 
Occlusive (299%) 6096 096 1196 | 
Nonocclusive 4096 36 96 2296 
Total 100% 36% * 33961 
Electrocardiographic ischemic 
changes 
ST-segment 1 7096 096 096 
ST-segment | 2096 096 1196 
Total 9096 0961 1196! — . 
Chest pain 90% 15961 22961 
See text for details. 


* p <0.05 versus group A; ! p <0.01 versus group A. 





line test. Bradyarrhythmia, including sinus bradi E us 
dia, sinoatrial block and atrioventricular block with or — 
without escape beats, developed to differing degrees ; 
in all patients of the 3 groups, and temporary pacing - 
was begun. Pacing continued generally for no more - 
than 30 seconds because the patient's own heart rate - 

increased promptly after cessation of intracoronary in- A 
fusion of acetylcholine. When anginal attacks were 3 
provoked, they began within 1 minute of the start of | 
infusion of acetylcholine. ST-segment elevation usual- — 
ly continued for 30 seconds to a few minutes after 

cessation of infusion of acetylcholine. No definite dila- — 

tation of coronary arteries induced by acetylcholine ~ 
was noted, although the vasoconstriction induced by ~ 
acetylcholine was sometimes seen to be reduced on . 
repeat coronary arteriography after an increased dose - 
of acetylcholine. No serious complications developed © 
during this test, and the acetylcholine-induced spasm - 
was reversed with sublingual or intracoronary admin- — 
istration of nitroglycerin. 
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FIGURE 1. Case 3 3.1 Left c coronary — ina — of group In the control the left coronary Vader is Somit — downtoits - P 
peripheral portions. After intracoronary administration of a total dose of 25 ug of acetylcholine (ACh), the patient’s symptoms and ST- -— 






é lon in leads |, aVL and V,.5 were precipitated. Spasm appears and completely occludes the left anterior descending 
r ary a tthe proximal portion (arrow). After administration of nitroglycerin (NTG), spasm —— and there is 90% sten js is in 








AERA AUDI orona 
sm in ali patients (100%) with variant angina, in 
which occlusive or near occlusive spasm was angio- 
graphically demonstrated in 6 patients, and nonocclu- 
sive spasm was seen in the other 4 (Table I). Focal 
oronary spasm involved coronary segments with 
ixed stenosis in 5 of 10 patients (50%). A total dose x 25 
ug of intracoronary acetylcholine was needed to in- 
uce coronary artery spasm in all patients of group A. 
ine of the 10 patients (90%) had chest pain accompa- 
nied by significant ST-segment deviation, 7 elevation 
-and 2 depression. Table I indicates the location of the 
coronary spasm, the associated electrocardiographic 
changes and the fixed occlusive lesions detected in the 
“coronary arteriogram obtained before administration 
of acetylcholine. Typical cases are shown in Figures 1 
cand 2. 
Group B: In 22 coronary arterial systems of 13 pa- 
tients without coronary artery disease, occlusive or 
-near occlusive coronary spasm was never demon- 
strated after administration of acetylcholine, althougt 
8 diminution in the diameter of coronary arteries was 
frequently seen. Coronary vasoconstriction deve oped 
8 of 22 (36%) coronary arterial systems. Diffuse va- 
soconstriction was frequently seen in this group (4 of 8, 
o}. Coronary vasoconstriction developed in 4 of the 
left coronary arteries (36%) and in 5 of the 11 right 
































occurred in 4 (18%). Transient atrial fibrillation was 
found after the administration of acetylcholine in 
1 patient. The frequency of observed coronary vaso- 
constriction (p «0.05), electrocardiographic ischemic 
changes (p «0.01) and chest pain (p «0.01) was signifi- 
cantly different from that in group A, respectively. 

Group C: In 9 coronary arterial systems of 8 patients 
with significant organic coronary arterial stenosis but 
without variant angina, intracoronary injection of ace- 
tylcholine induced coronary vasoconstriction in 3 of 9 
33%), chest pain in 2 (22%) and electrocardiographic 
ischemia (ST-segment depression) in 1 (11 7c). Near 
occlusive coronary spasm was documented after ad- 
ministration of acetylcholine in only 1 (11%). The fre- 
quency of observed coronary vasoconstriction, elec- 
trocardiographic ischemic changes and chest pain in 
group C was significantly less (p «0.01) than that 
in group A, but not significantly different from 
that in group B. A typical case in group C without 
coronary spasm induced by acetylcholine is shown in 
Figure 3. 


Discussion 
This study evaluated the effects of intracoronary 
acetylcholine on a coronary artery during coronary 





Left coronary arteriograms in a patient of group A. in the control there is a 7596 stenosis at the proximal portion of the left 
coronary artery. During angina accompanied by ST-segment elevation in leads |, aVL and V... 


s nuin choline (ACh) { 












‘spasm associated with both angina and electrocardio- 
-graphic changes in patients with variant angina. Ace- 
tylcholine less frequently constricted coronary arteries 
‘in both patients without apparent coronary arterial 
disease and patients with significant organic coronary 
artery stenosis but without variant angina. Acetylcho- 
line was never noted to produce vasodilatation of cor- 
onary arteries. Acetylcholine, a parasympathetic neu- 
rotransmitter, appears to act not as a vasodilator but as 
a vasoconstrictor in human coronary arteries. The first 
study concerning the response of human coronary ar- 
teries to acetylcholine in vivo was presented by Horio 
et al.!? They showed that acetylcholine induced coro- 
_ nary vasoconstriction in a significant number of adult 
-humans with normal or nearly normal coronary arteri- 
ography. Similar results to ours concerning acetylcho- 
line-induced spasm in patients with variant angina 
were recently reported by Yasue et al. They also 
showed that atropine suppressed the acetylcholine- 
induced episode, suggesting the critical role of the 
muscarinic receptors. The response of a coronary ar- 
tery to this agent in patients with fixed coronary steno- 
sis has not yet been determined. Ludmer et al? report- 
ed that vasoconstriction by intracoronary acetylcho- 
line occurred early as well as late in the course of 
. coronary atherosclerosis. However, our results show 
that the sensitivity to acetylcholine of coronary arteries 
with significant atherosclerosis does not significantly 



























Left coronary arterlograms in a pati 
intracoronary infusion of 









excluded from this group. 
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ent of group C. in the control sev 
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arteries in patients with vasospastic angir 






































The direct infusion of acetylcholine into a coro: 
artery, a technique that allows assessment of the d: 
direct coronary arterial effects in the absence of 
direct peripheral actions, indicated that acetylcho 
acted directly on the muscarinic receptors of the và: 
cular smooth muscle of the coronary artery, resu 
in vasoconstriction. Indeed, coronary spasm and. 
trocardiographic ischemia were observed only i 
acetylcholine-injected artery, and never in the no 
jected artery. Continuous monitoring revealed on 
slight decrease of systemic blood pressure when s 
occurred within 2 minutes of administration of ac 
choline in our patients. 

Methacholine, a muscarinic agonist, has been ad 
ministered in subcutaneous injection in human studie 
to provoke coronary spasm.!^!^ Acetylcholine h 
been believed to produce dilatation of essentialh 
vascular beds, including coronaries.? Therefo: 
was considered to be able to operate by the inc 
stimulation of the sympathetic nervous system 
voking spasm through a-adrenergic receptors. 1 
ever, this mechanism proved to be unlikely when 
tylcholine itself was found to cause contraction of 
human coronary artery segment.?!-? Ginsburg et 
also reported the regional difference of increased sé 
sitivity to carbachol in the distal portion of the hum 








ere stenosis is found in the left anterior descending 





































agin use p 

; ronary y arteries were eiequantiy involved i in 
astic sites induced by acetylcholine. 
cetylcholine induced coronary artery spasm, re- 
iting in complete obstruction, sufficient to provoke 
pisodes in most of the patients with variant angina. 
wever, such a severe spasm was never documented 
patients without apparent coronary artery disease 
ring the test. Therefore, coronary arteries in patients 
h variant angina were apparently more sensitive to 
ylcholine. Severe or significant organic stenosis in 
ronary artery observed in some of our patients 
variant angina might be a possible reason why 
ylcholine could induce coronary spasm in these 
atients. However, it cannot be expected to be the sole 
ison because coronary artery spasm was not so fre- 
ently demonstrated by acetylcholine challenge in 
ents with significant fixed coronary stenosis but 
out variant angina. Our data suggest that coronary 
ries in patients with variant angina are supersensi- 
to acetylcholine irrespective of the presence of 
| narrowing. It remains unknown why coronary 
‘jes in patients with variant angina were sensitive 
:etylcholine. It might be possible that their coro- 
arteries have a malfunctioning endothelium that 
ot produce sufficient protective factors against 
ism, such as prostaglandin 1,4 or other endotheli- 
-derived relaxing factors,” or they have a different 
opulation or sensitivity of muscarinic receptors from 
se in normal subjects. Further examination will be 
quired to elucidate the significance of vasospastic 
'sponses observed in some patients without apparent 
onary artery disease, in whom vasospastic disor- 
s might develop in the future. 
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E “rolongation of the QT Gea of the sürfáce electro- 
: cardiogram is an important predictor of arrhythmo- 

s? In the congenital long QT. syndromes, pro- 
tion is frequently: gross. However, more subtle 
ich smaller changes may also be of importance. 
smaller changes, the variability of QT estimates 
omes of increasing importance. It has been recog- 
d for years that the QT interval is difficult to mea- 
re with precision.3-5 Estimates vary if measurements 












standard means of lead selection for QT measurement. 
Different studies use different criteria, such as lead II,’ 
the lead with the tallest T wave, "the maximum QT ir in 
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12-lead electrocardiogram.!! In some studies no 
ria of lead selection are defined? This stud 


Methods 


Electrocardiograms: Sixty-three patients E 
studied, 21 with an anterior wall acute myocardi: 
farction, 21 with an inferior acute myocardial i in 
tion and 21 control patients. In patients with myo 


days after hospital admission with acute infa 
none of the patients had a history of infarction b 
this admission. Control electrocardiograms wer 
corded in patients with no history of heart. 
who had been admitted to the hospital for- 












UC and none e had bundle branch block 



































f QRS to the end of the T wave. The end of (lis T 
/e was defined as return to the TP baseline. When a 
wave interrupted the T wave before return to base- 
», the QT interval was measured to the nadir of the 





asured to the time of final return to baseline. - 
QT interval was studied in 10 patients. An electri- 
eous reference point in each lead. The time inter- 


; from reference to Q wave and from reference. to 
| of T wave were measured. 








rlead variability relati 


tion, 5 control. The 12-lead_ electrocardiogram 
om each patient was cut up into its component leads 
| the traces from different patients randomized to- 
jer. All leads were measured by 4 observers on 2 
asions. Leads were rerandomized before replicate 
asurement. 

On completion of the digasutémente, the data from 
h patient was reassembled, providing 288 estimates 
JT interval per patient. Of the 2,880 possible obser- 
ons in the 10 patients, 88 (3%) were missing be- 
se of a poorly defined QT interval. Analysis of 
ance was performed separately on each patient 
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The relative variability of the beginning and end of — 


reference signal was recorded, providing a simul- - 


Variance component analysis: The magnitude of | 
to other sources of varia- - 
on was studied in 10 patients (5 with myocardial in- 


measurements \ were treated c as replicates. within pen 





cycle-lead-observer combination. 
Interaction terms were minor and, since their im- 
plications are similar to those of the main factor terms 


. alone, have not been presented. The residual vari- 
ve between T and U waves. Biphasic T waves were 


ance, unexplained by the main factors and their inter- 


actions, represents the variance of repeated measure- 
ments within each cycle-lead-observer combination, 
that is, the variance of the measurement technique. 


p Results 


Variation of QT interval between leads: QT esti- 
mates varied considerably between leads. For each 12- 
lead electrocardiogram, QT dispersion was calculated 
as the difference between the maximum and mini- 


mum QT values. QT dispersion varied between pa- 


tients (Figure 1}, but was in general greater in patients 
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FIGURE 2. Deviation of individual leads. from. Wimax A, control 
subjects; B, patients with anterior myocardial infarction; C, patients 
with inferior myocardial infarction. For each electrocardiogram, the 


maximum. » ar — in any Joad (QT rus) | was ; — The 

















0 ms; inferior myocardial infarction, 73 + 32 ms). 
For each electrocardiogram, the deviation of indi- 
iual leads from the maximum QT value observed in 
any lead (QTinax) was determined. Deviation from 
QT inax varied between leads (Figure 2). In control sub- 
jects, the deviation was ‘smallest in lead V3. In patients 

with anterior infarction, the magnitude of individual 
-deviations from QTinax was greater, reflecting greater 
_interlead variability. Deviation from QTmax was small- 
- estin lead Vz. In patients with inferior infarction, indi- 
'vidual deviations from QTmax were again greater than 














Anteroseptal leads V2 or V4), therefore, 

d the closest approximation to QTmax both in 
bjects and after infarction. 

tion from QT, in the lead. with : maximum T 


— 





| groups Tmaxamp provided a reasonable approximation, 
e although: deviation from QT was slightly greater 
than for anteroseptal leads. 

.... The number of missing QT. estiintos, because of 
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bution of the beginning and end of the QT inte 


between 13 and 24 ms in the 10. electrocardi 


-for control subjects. Lead Vz provided. the smallest — (Figure 4). By contrast, dispersion of the refe 


vave amplitude (Tmaxamp) was also determined. In all 3. 


factors contributing to the variability of QT est 


oor definition of the Q QT interval, varied between . ability of replicate measurements of the same cy: 
2). It w B the same lead by the same observer. — 
terval i in s anteroseptal Teads—V2 was 


iis, and v was s measurable 


was in all cases found to be trivial. The observer ; 


| te . eral, it was small, with the exception of patien 
wave W was — in n dead V, andi in | 
“ie pa of Ui waves decre — . view of this patient's electrocardiogram reve 


long tail to the T wave, which may have ; given T 






inciden e of unrecognized U waves, masqt ! 
T waves. In patients with manifest U waves (! 
anteroseptal leads still provided the longest Q’ 
suggesting that unrecognized U waves could not 
sole explanation for the longer QT values in 
leads. . 

Components of QT variation: The relative. 












































overall QT variability was assessed in 10 pa 
control subjects; 5 with myocardial i infarction 
sion of the reference-Q. interval was smi 


interval was much wider, varying between 36 
ms. This shows that interlead differences 
onset are relatively small and that the majc 
nent of interlead QT variability is due to va ia 
the timing of the end of the T wave. = 

Other variables: The relative magnitud 


was studied in 10 patients. Variabilities due | 
cycles and observers were all compared with the 


The variance components for all 10 patient 
presented in "Table I and summarized in Figure 5 
component ¢ due to leads was consistently greater 
any other component. "The component due to c 
ponent varied considerably between patients. I 


whom the interobserver variation was substanti 


the substantial interobserver variability. 


















s (ms?) 










Cycles Residual 


149 41 3 37 

117 47 16 25 

524 207 8 51 

81 22 0 27 

107 40 0 50 

group 

j 472 16 0 60 
345 11 10 25 

799 29 20 65 

221 37 7 45 
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| lues of the variance components in 40 patients (5 control subjects, 5 
myocardial infarction). The: residual | variance represents the variance of 
ited mea nts w cle-lead-observer combinations. Since the 
uted variance components are estimates, if the true component is small, 
Hate may] have a negative value, which has been entered in the table 


= = anterior myocardial infarction; | = inferior myocardial infarction. 
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|. Relative variation, of a- and T-wave measurement. Ten 
were studied (circles = " control. subjects; triangles = pa- 
ith — infarction). The beginning of p QRS com- 









were » derived; based on. a | nümber of curre 








i ad se- - 
lection practices. QT interval was variously deter- 
mined as QT in lead II, the maximum QT i in any limb 
lead, QT interval in the lead with maximum T wave 
amplitude and the maximum QT in any lead. In addi- 
tion, based on the results of the present study, a further 
estimate was derived as the longer of the QT values 
measured in lead V; or Vs. For each criterion of lead 
selection, QT interval was determined to be normal or 
prolonged, based on an arbitrary definition of prolon- 
gation of QT, 7440 ms.!? Differing criteria gave widely 
varying estimates of the number of electrocardiograms 
with a prolonged QT interval (Table II). QT ax neces- 
sarily resulted in the largest number of abnormal elec- 
trocardiograms. Measuring QT in V; or Vs provided a 
closer approximation to this figure than any of the 
established criteria for QT measurement. _ 


Discussion - 

It has been appreciated for many years that esti- 
mates of QT interval vary in different leads? Our 
study has emphasized the magnitude of this variation 
and demonstrated that choice of lead is the single most 
important factor influencing the variability of QT esti- 
mates in the 12-lead electrocardiogram. 

Variation between leads is mainly due to variability 
in timing of the end of the T wave, rather than the 
onset of the QRS complex. Studies of QT variation in 
body surface maps have reached similar conclusions." 
Perhaps the simplest explanation for the observed in- 
terlead variaticn is that it represents differing orienta- 
tion of different leads to a single repolarization vector. 


A lead at 90° to the vector would become ee — 
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FIGURE 5. Mean values of variance components. Results for control 
subjects and patients with myocardial infarction are presented sep- 
arately. in each group, the left-hand. bar represents the varlance 
between: cycle-lead observer combinations, shaded to Hiustrate e 













al ‘differences in x Ran 
< Our results have implications for methods of QT 
stieasurement. Variation between cycles, observers, 
and replicate measurements was small. Although it is 
. possible that measurement error would be greater in 
different circumstances (for example, if QT interval 
was measured using calipers or if observers failed to 
conform to the same definitions), under the conditions 
of our study replicating these factors would do little to 
reduce overall variability, which is largely determined 
by interlead variation. 

It is customary to assign a single QT interval to a 12- 
lead electrocardiogram, ignoring the spatial variation 
between leads. Varying definitions have been applied 
to derive this single value. This is illustrated by recent 
“studies assessing the value of QT prolongation as a 





study, criteria for lead selection were not defined."? In 
‘the remaining studies QT interval was variously mea- 
‘sured in lead IL? in the lead with the tallest T wave,? as 
the maximum QT in any limb lead? or as the maxi- 
mum QT in any lead of the 12-lead electrocardio- 
-gram.!! There is, therefore, no consensus as to the opti- 
-mal criteria of lead selection. Our results show that 
differing criteria of lead selection, or the lack of them, 
-may result in very different estimates of QT interval. It 
ertainly possible that differing criteria may have 
tributed to the discrepant conclusions of different 
udies as to the prognostic importance of the QT inter- 
alter myocardial infarction.9-1? 
There is a need to establish uniform criteria of lead 
selection, which can be applied by all investigators. 
The QT interval is generally considered to represent 
the duration of electrical systole, that is, the time be- 
tween first depolarization and last repolarization, any- 



















where in the ventricle. If the variation in QT estimates 


between leads is due to differing orientations to a sin- 
gle repolarization vector, then the best representation 
-of the duration of electrical systole must be QTmmax. 
Since QTmax can occur in any lead," it is necessary to 
-measure all 12 leads if this definition i is adopted. This 
easible in research studies, but it may not be 
alistic recommendation for routine clinical prac- 
, and simple alternatives, approximating to QT max 
be considered. Our results suggest that mea- 














We would therefore recommend that an 
lead be adopted as the standard lead for 


mation. 


Lo is recommendation i is open to the criticism that U 
waves are most commonly seen in these leads, raising 
the possibility that the presence of a U wave might 
lead to an erroneous estimate of QT interval. How- 
ever me —— — not so jo much with leads i in which 


prognostic indicator after myocardial infarction. In 1 


regional differences in repolarization, rather tha 


‘Heart ] 1984:109:399-411. 


'electrocardiogram. Circulation 1952;6:378-388. 


int of an anteroseptal lead gives the closest ap- - 


| death in patients with myocardial infarction. Circulation 1978; 
— ;i nalvys ; 
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Lead!! LimbLead T Wave V2/V3 
Control subjects 2 2 2 3 
(n = 21) 
Anterior myocardial 1 4 5 8 
infarction patients 
(n = 21) 
inferior myocardial 1 7 8 9 
infarction patients 
(n = 21) 





* The number of patients in each group with a prolonged QT, interv⸗ 
shown for differing criteria of lead selection for QT determination. L 
selection criteria were: QT in lead Il; the maximum QT value in a limb le: 
in the lead with the tallest T wave; the longer of the QT values meast 
leads V» and V3; and the maximum QT value in any lead. QT interva 
defined as prolonged if the resultant QT, value exceeded 440 ms. 


with manifest U waves, anteroseptal leads still pro 
ed the closest approximation to QTnax, and hence 
recognized U waves cannot be the sole explanatio: 
the longer QT values observed in these leads. 

Differences between leads may in part be du 


vectorial effects. This raises the interesting quest 
whether it is appropriate to reduce the inform 
available from QT estimates in different lead 
single QT value. The variability between lead: 
contain information on dispersion of repolariz 
an elusive but much discussed mechanism for arrh 
mias. The clinical significance of interlead disper 
of QT estimates has yet to be assessed. 


References 
1. Surawicz B, Kn6ebel SB. Long QT: good, bad or indifferent? IACG. 1 


4:398-413. 
2. Schwartz PI. Idiopathic long QT syndrome: progress and questions. i 


3. Lepeschkin E, Surawicz B. The measurement of the QT interval of 


4. Ahnve S. Errors in the visual determination of corrected QT (QT,) inte 
during myocardial infarction. JACC 1985;5:699-702. : 
5. Hedman A, Nordlander R, Pehrsson SK. Changes in Q-T and Q- -aT 
vals at rest and during exercise with different modes of cardiac paning: 
1985;:8:825-831. 
6. Sylven JC, Horacek BM, Spencer A, Klassen GA, Montague T]. QT in 
variability on the body surface. J Electrocardiol 1984;17:179-188. - 
7. Mirvis DM. Spatial variation of QT intervals in normal persons an 
tients with acute — — — 1985; 3: 625 daa 


9. Wheelan K, Mukharji J, Rude RE, Poole WK, Gustafson N, Tho 
Strauss HW, Jaffe AS, Muller JE, Roberts R, Croft CH, Passamani ER, 
son JT, MILIS Study Group. Sudden death and its relation to QT- 
prolongation after. acute myocardial infarction: two-year follow-u 
Cardiol 1988;57:745--750. ; 
10. Ahnve S, Gilpin E, Madsen EB, Froelicher V, Henning H, Ross ]. P 
tic importance of QT, interval at discharge after acute myocardial i 
a multicentre study of 865 patients. Am Heart ] 1984;108:395-400 
11. Juul-Moller S. Corrected QT interval during one year follow-u 
acute myocardial infarction. Eur Heart ] 1986:7:299-304. 

12. Schwartz Pj, Wolf S8. QT interval prolongation as predictor of 



























































onductic tion n delay à in limiting the de- 
ef effective refractory — 
'emote functional RP in 35 
atients at t paced oye length of 500 ms were 
sured. The pacing threshold was «0.25 mA in 
atients. The drive-train (S4) and the extrastimu- 
S2) were applied from the same site, the right 











te sites (RV apex and RV outflow tract) in 10 
mts. The effect of procainamide (plasma con- 


he success of initiating or terminating presumed re- 
trant tachycardias by programmed stimulation fre- 
ntly depends on the delivery of closely coupled 
imuli to the region in which the tachycardia orig- 
tes, which is frequently remote from the site of 
mulation.!-3? The minimum coupling interval of a 
ypagated response is determined by the effective 
ractory period (RP), local stimulus-response latency 
lected by the functional RP at the site of stimulation 
d large-scale conduction delay reflected by the 
ictional RP at a remote site. Although the strength- 
erval relation for the effective RP has been studied 
ensively,!3-?? data about the strength-inierval rela- 











ced arrhythmia” and the efficacy of termination 
ntricular tachycardia," but such current strengths 
also be proarrhythmic.2-2 We evaluated the 
gth interval relation for the ventricular functional 







the Cardiac Arrhythmia Unit, ‘Cardiology Division, Stan- 
niversity Medical Center, Stanford, California. Manu- 
ect ived inue 18, 1987; ; revised. manuscripti received and 








. Strength-Interval Relation 
| en ricular Functional 


large-scale : co 
limitation for using increasing current strengths of a 
. single extrastimulus to initiate or terminate ventricu- 
ricular (RV) apex, in 25 patients, and from sep- - 


n for the functional RP are limited.!? High current 
igths have been reported to increase the yield of - 
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<0. 001), k local functional RP decreasec 
agth of 4 mA, and remote anctional R 
decreased only up to 2 mA. Procainamide shifted 
the effective RP and local and remote functional RP 
strength-interval curves uniformly to the right with- 
out altering their relation. These data indicate that 
ction delay provides the principal 











lar tachycarcia. 
(Am J Cardiol 1988;61:88-92) 


RP at areas near to and remote from the site of stimula- - ; 2 
tion to assess the relative effects of local latency and — 


large-scale conduction delay on the propagated re- 


sponse. In addition, to better simulate termination of 
ventricular tachycardia, we performed basic drive 
pacing and extrastimulus pacing from different sites. 


Methods 





Patients: Forty-five patients undergoing clinically 
indicated electrophysiologic studies were enrolled af- 
ter they | gave written, informed consent. Patients with 
pacing threshold exceeding 0.25 mA (4 patients) or 
varying by more than 0.05 mA during the study (6 


patients] were excluded. Data from 35 patients (30 men 
and 5 women], aged 20 to 76 years, are reported. Twen- 


ty-two patients had coronary artery disease and a pre- 
vious myocardial infarction, 5 patients had dilated car- 
diomyopathy, 2 patients had valvular disease and 
6 patients had no apparent structural heart disease. 
The indications for electrophysiologic study were sus- 
tained ventricular tachycardia or fibrillation in 19 pa- 
tients, nonsustained vont taulai tachycardia i m 10 pa~ -— 






! ned i in the — ventricular (RV) apex and high 
outflow tract, with the tip of the 2 catheters approxi- 
mately 5 cm apart under fluoroscopy. Pacing was per- 
formed using a constant current programmable stimu- 
lator (Bloom Associates) with 1-ms pulse duration, 
through the distal bipole of 1 or both catheters. In all 
patients, the diastolic pacing threshold was «0.25 mA 
(0.21 + 0.03 mA]. Six surface electrocardiographic 
leads and 2 intracardiac electrograms from the proxi- 
mal bipole of both catheters were recorded simulta- 
neously on magnetic tape and a multichannel recorder 
at a paper. speed of 250 mm/s. 
Pacing protocol: The stren; th-interval relation was 
determined using the single extrastimulus method and 
| se increments of current strength at a paced 
ingth of 500 ms. 

oup 1: In 25 patients, the extrastimulus {S2} was 
introduced after 8 consecutive pacing impulses (81) 
through the same pair of electrodes, the distal bipole of 
the catheter at the RV apex. At current strength 0.5 
mA, 8; was introduced in late diastole and the S,-S; 
interval was progressively shortened by 5-ms decre- 
ts until S; failed to depolarize the ventricle. The 
ocedure was then repeated at stepwise increasing 

ent strengths of 1, 2, 4, 8 and 16 mA. 

10 of these patients, the strength-interval relation 
ement was "— after adiministration of 

























sion 
m was 10. 1 a. 2. 3 3 imb. 
a second group of 10 patients, S4 was 





RV outflow tract and. S; through the catheter atthe RV 
apex at stepwise increasing current strengths of 0.5, 1, 
2, 4, 8 and 16 mA. 3 

Definitions: We used standard definitions for effec- 
tive and functional RP.!? Local functional RP denotes 
he od ithe RV RP measured at — site where Sz was 








ough the distal bipole of the catheter at the 


_ strengths above 4 mA, local latency prevented f 


delay (Figure 4A) increased with increasing cul 





~ Gurrent ERP Local FRP 














Strength z 
(mA) Group 1 Group 2 Group1 Group2 Group 1 
05 26444 28446 27644 320146 28344 3E 
10 25444 27345 27044 29545 27844 
2.0 24644 26645 26444 29145 27644 36 
40 23644 25445 26144 28945 27444 362: 
8.0 22544 25045 25944 28645 27244 36 
16.0 21944 25844 28545 27244 35: 


248 + 5 

































Refractory periods are reported as mean + standard error of the m : 
ERP = effective refractory period; FRP = functional refractory peri 


to local ventricular depolarization. J 
duction delay was defined as the difference bet 
local and remote functional RPs (Figure 1). 

Statistical analysis: Refractory period data are 
sented as mean + standard error of the mean. Sig 
cant differences (p <0.005) were determined : 
paired t test method applied for data from success 
increments in current strengths to assess differe 
within a strength-interval curve, and for assessin 
effect of procainamide 


Results. 

The effective RP, local functional RP, and re 
functional RP data for group 1 and 2 patients are : 
marized in Table I, and the corresponding strer 
interval curves are shown in Figure 2. 

Group 1: Each increment in current strength 
duced significant (p «0. 001) shortening of effectiv. 
from 264 + 4.ms at 0.5 mA to 219 + 4 at 16 mA; 
ever, effective RP shortening was not accompan 
equal shortening of functional RPs. Local latenc 
ure 3A), which increased from 8 + 4 at 0.5 mA t 
at 16 mA, offset effective RP shortening. At c 








local functional RP shortening despite further eff 
tive RP shortening. Similarly, large-scale conduct 





strength; and although the increase is small comp 
to that of local latency, there was a sufficient 
ment at 2 mA preventing further sheptonifid s of. ret 
functional RP above this current strength. - 















Group I 











r shift at lower current strengths. The shifts in 
local and. remote function al refractoriness a are e similar. 






















gth: atid the local national RP RE shorten ed at 
nt. strengths up to 4 mA due to the significant Discussion 

ase in local latency above this current strength The primary new finding of this — is that large- 
gure 3B). The remote functional RP shortened only scale conduction delay is the principal limitation on 
o 1 mA, due to the significant i increase in large- the minimal coupling interval of the propagated re- 
e conduction delay above this current strength sponse to an extrastimulus at high current strength. 
gure 4B). In this group, the remote functional RP Hoffman and Cranefield! first called attention to 
re is considerably shifted to the right, because the importance of local latency in determining the 
ge-scale conduction delay incorporates the conduc- — strength-interval relation in isolated Purkinje fibers. 
n time from the drive-train. site to the stimulation - Recently, Mitchell et alis reported the effect of in- 
e (Figure 1, right. — — creasing current strength on local functional refrac- 
ffect of procainamide: Figure 5 shows theeffect of  toriness in the human ventricle. In a detailed study 
inamide on the strength-interval relations. Asin- using 2 adlan sent catheters, they reported that the shor- 








$ Local FRP 


- A. Groupi | B. Group Il A ERP 
| | 8 Remote FRP 


FIGURE 2. Strength-interval relation for 
effective refractory period (ERP), local 
FRP ànd remote FRP for group 1, A, and 
group 2, B. Abbreviations as in Figure 1. 
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A. Group | m B. Group Hl 


FIGURE 3. Local stimulés-reepanee: latency for 
* group 1, A, and. group 2, B. Local stimulus-re- 
. | sponse latency is shown for each current strength 

"A tested. in both groups, there was a significant in- 
| . erease in local stimulus-response latency at a cur- 
|- sent strength of 4 mA. 
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B. Group ll 





|. FIGURE 4. Large-scale conduction delay for group 

|. 1A and group 2, B. Large-scale conduction delay 

| is shown for each current strength tested. There 

p 3 was a significant increase in large-scale conduc- 
| * tien Hi delay at a current strength of 2 mA in group 1 

irren of 1 mA in group 2. s 














"IGURE 5. The effect of procainamide 
-on the strength-interval relation for local 
-FRP and remote FRP. The coupling inter- 
| vals of local FRP, A, and remote FRP, B, 
` before and after procainamide, A. C = 
control, P = after procainamide; other 
abbreviations as in Figure 1. 
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intermediate and longest functional RPs were re- 
rded at the sites nearest to, intermediate from and 
- farthest from the pacing site, respectively, illustrating 
-the progressive increase in latency with increasing dis- 
-tance between the stimulation and recording sites. No 
„study, however, has examined the effect of large-scale 
conduction delay on impulse propagation to a far re- 
< moved area that would more closely simulate pacing at 
A site remote from the tachycardia circuit. 

Pacing from à site at least 5 cm from the recording 
we found that the minimum coupling interval of 
d impios v was limited ui by large- 
















| te fandilonal E RP did: not Laon above 
ength of 2.0 mA (approximately 10 times 
| despite shortening of local functional RP. 
-Whe the extrastimulus. and the drive-train were ap- 
‘plied from remote sites (group 2) to simulate tachy- 
cardia pace-termination using a single extrastimulus 
alone, the effect of large-scale conduction delay was 
further amplified. In addition to the marked differ- 
ence between local and remote functional RP caused 
_ by the conduction time from the site of the drive-train 
he “tachycardia” site) to the site of stimulation, the 
of increasing current strength was further limit- 
fo current strengths of less than 1 mA (5 times dia- 
hreshold). 
effect of procainamide on the strength-interval 
on of local and remote functional RPs is similar to 
ously reported effect of the drug on the 
erval relation of the effective RP.162725 
mide affects the strength-interval relation of 
e RP, local functional RP and remote func- 
niformly without altering their relation. Al- 
uggests that the drug predominantly af- 
ractoriness, large-scale conduction delay 
miting factor. ~ 
/ has several limitations. We measured 
lay between 2 remote RV sites, whereas 
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1 hycardia originates in the --—.. beats in. the Initiation and the termination of ravoni a 








a Local FRP (C) - 
€ Local FRP (P) 
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large-scale effects might differ when multiple 
stimuli or different drive cycle lengths were us 
Clinical implications: The principal clinical i 
cation of this study relates to initiation and termin 
of ventricular tachycardia by pacing at a site re 
from the tachycardia circuit: Because large-scale 
duction delay provides the principal limitation o 
minimal coupling interval of a propagated respoi 
an extrastimulus at high current strengths, incre 
current strength above 5 to 10 times threshold s| 
not increase the likelihood of influencing re 
tachycardia circuits, even though the local functi 
RP shortens at higher current strengths. l 
Our data provide an explanation for 2 observa 
relevant to induction of ventricular tachycardia. 
increasing current strength does not increase the 
dence of clinical arrhythmias induced by RV pac 
patients with a history of clinical sustained ventr 
tachycardia.” 26 Second, our data predict tha 
mias induced by pacing only at high current sti 
may be more likely to originate near the site of stir 
tion, suggesting a theoretical basis for the obsei 
that nonclinical arrhythmias are more frequently 
ated by pacing at high current strengths.?!-2*26 In s 
vors of myocardial infarction without a history of. 
cal arrhythmias, pacing at high current strength 
been reported to increase the incidence of ind 
arrhythmias in 1 study,!? but not in another.2* W 
uncertain as to how our data relate to these confli 
reports. 
With respect to RV pacing for termination. of 
tricular tachycardia, our data explain the previou 
servation that the magnitude of decrease in effe 
RP resulting from increased current strength di 
predict tachycardia termination.?? Our findings « 
port the importance of pacing from sites close to 
tachycardia circuit, a principle that has been emp 
sized by other investigators.*? 
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| dike the kidney and the brain, the heart plays a gators who would like to deepen their understanding — 
| = three-fold role in essential hypertension: first, it is of cardiac involvement in hypertension, and of pro- ark 





. ` directly involved in the pathogenesis of arterial hyper- gression as well as regression of left ventricular — 
tension. ... Second, the heart suffers as a target organ p 
of long-standing hypertension. ... Third, cardiac response to various blood pressure lowering agents." — 
function and structure are directly and indirectly — from the Editor s Preface — 


affected by a variety of antihypertensive agents. E 
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The Heart and Hypertension features contribution AS 


[This] book is intended to provide a synoptic view from 88 internationally recognized experts. The Heart © 


of present knowledge in this rapidly expanding area. and Hypertension: 482 pages — including a subject — 
. Ht] is written for physicians, cardiologists, or investi- index— in 45 chapters. 
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No two are exactly alike. 


others on different people, it is 
essential to have this diversity. 


Because body chemistry 
differs from person to 
person, we often need 

a choice of drugs to 
treat the same illness. 


You ve heard it said that no two 
snowflakes are exactly alike. 
The variety is endless. Much 
the same is true of the human 
body. 


Take the case of two patients 
suffering from hypertension. 
Both under the care of the same 
physician, who prescribes the 
same medication for each. One 
patient responds to the medi- 
cation while the other reports 
unpleasant side-effects. Thanks 
to the diversity of drugs avail- 
able to treat this illness, the doc- 
tor is able to prescribe another 
medicine that works without 
the side effects. 

To maintain the high standards 


of quality care, and because 
some drugs work better than 


America’s research-based phar- 
maceutical companies are com- 
mitted to providing a wide 
range of drugs of the highest 
quality to serve the public. 
Why? Because the public is 
made up of different people 
requiring different treatment— 
even when they suffer from the 
same illness. 





Pharmaceutical 
Manufacturers 
Association 


IF A NEW MEDICINE CAN HELP 
WE’RE WORKING ON IT. 








n the Tirst critical hour 
of acute MI 


MORTALITY REDUCED 
UP TO 47% 


— sho and ventricular function 


cardiac artery showing 
atheromatous plaque 


and occluding thrombus. impr oved. 
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Artist's interpretation of 
thrombolysis of a coronary 
artery occlusion. 
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IRE acute MI 
Intravenous 
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(Streptokinase) - 








Lower in-hospital mortality with 
an acceptable level of risk' 


@ Multicenter trial with almost 12,000 randomized 
acute MI patients reported in The Lancet 

e 1.5 million units of streptokinase plus conven- 
tional therapy vs. conventional therapy alone 

e 4776 less mortality with IV streptokinase given 
within one hour of onset of chest pain 

e 23% less mortality with IV streptokinase given 
within three hours 

e 17% less mortality with IV streptokinase given 
within six hours 

e Incidence of major and minor complications 
considered acceptable 


Improved cardiac function 
with few adverse effects? 


e Randomized, placebo-controlled trial with 172 
first-infarction patients, reported in New England 
Journal of Medicine, Oct 1, 1987 
e 1.5 million units of streptokinase plus conven- 
tional therapy (including anticoagulants) vs. 
placebo infusion plus conventional therapy within 
four hours of onset of chest pain 
€ Coronary artery reperfusion shown by earlier 
peak of myocardial creatine kinase 
e Significant increase in left ventricular ejection 
fraction and significant reduction in end-systolic 
volume confirmed by left ventricular angiography 
€ In this study, the most serious adverse effect 
was Midi i b Lic 





Mortality redu 


ventricular function Ir 
unique benefits beyond lysis. 


Cbtroy ptase 





! nproved, 


Benefits beyond thrombolysis 


€ Decreases red blood cell aggregation, and 
plasma and blood viscosity*® 

e Reduces blood pressure and total peripheral 
resistance with corresponding reduction in 
cardiac afterload for reduced myocardial oxygen 
demand? 


Timing, dosage, and 
patient selection criteria 


e Earliest treatment gives the best results 
@ Dosage: 1.5 million international units of strep- 
tokinase; duration of infusion up to 60 minutes 
€ Risk vs. benefits must be considered. 
—Contraindications include active internal 
bleeding; recent (within two months) cerebral 
vascular accident, intracranial or intraspinal injury; 
intracranial neoplasm; and severe, uncontrolled 
hypertension 
—Risk of bleeding: From pooled data of 
studies of 8,369 patients, the overall incidence 
of major bleeding was 1.296. Nonetheless, 
physicians should be alert to untoward bleeding 
events. (Consult Warnings section of Streptase 
full prescribing information.) 


Please see references and brief summary of prescribing 
information at end of this advertisement. 


T 





In the critical en of acute MI 





For acute MI 
Intravenous 





Proof of increased survival 
@ Reduction in mortality documented in a randomized study with 
almost 12,000 patients’ 


Proof of improved cardiac function 
€ Angiographic confirmation of improved left ventricular function? 


Unique actions for greater reductions in cardiac stress 
e Extrathrombolytic activity—reduces blood pressure, red blood cell 
aggregation, and blood and plasma viscosity? 


Speed and simplicity in a one-step regimer 
€ Convenient, 1-hour constant-rate infusion con pared to a 3 hour 
variable rate infusion with tissue plasminogen activator (r- TPA) 


Staff confidence through many years of experience 

€ 10 years’ experience in U.S. hospitals — and 25 years’ worldwide— 
in lytic therapy 

A tradition of service and support 

€ Extensive inservice training, important speakers' programs, and per- 
sonal service by 650 skilled representatives to meet your hospital's 
needs 


...all this at 90% less cost 

€ Priced at less than 10% of the reported cost cf tissue plasminogen 
activator (r-TPA) 

Bleeding, allergy and fever are the most frequent side effects seen with streptokinase; during treat- 


ment of | myocardial infarction, hypotension and arrhythmias have been reported. Please see Wam- 
ngs section of prescribing information before using Streptase”. 


€ © 1987 by Hoechst-Roussel Pharmaceuticals Incorporated. 











Clearly different clearly. the thr epe of choice. 


Manufactured by: 
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<< book has been formatted and edited to 
. facilitate its use as a ready reference to 

-up-to-date material on diagnosing and 
. managing arrhythmias commonly seen 
in daily clinical practice. Its purpose ts 

‘not to discuss in-depth every aspect of 
various cardiac rhythm problems, but 
rather to provide the reader with a con- 
cise easy-to-use guide. An invaluable 
Source for all physicians and allied 
Wealth professionals seeking to add to 
ieir clinical knowledge of a complex 
opic without the necessity of purchas- 
a large general text on cardiology. 
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Conceived by Dr. Chung as a compan- 
ion volume to Manual of Cardiac 
Arrhythmias, this book includes 200 
cases showing common cardiac 
arrhythmias frequently encountered n 
clinical practice. 

interpretation of the ECG training is 
aided by short case histories. The 
reverse side of each page gives a ful 
analysis of the interpretation of the trac- 
ing, enabling readers to assess their 
own ECG diagnosis. In the majority cf 
cases, three simultaneous ECG leads 
(leads V, Il, and V.) recorded by 3- 
channel ECG equipment, are shown ‘or 
accurate diagnosis. In addition to the 
ECG diagnosis, the pertinent clinical 
significance and therapeutic approach 
are included in many instances. 

The arrangement of the text and illus- 
trations is based upon the author's 
extensive experience in teaching meci- 
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cal students, house staff, cardiology fel- 
lows, cardiac care nurses, and physi- 
cians with diversified backgrounds and 
specialties. 

The unique feature of this book, is its 
practical approach to clinical applica- 
tions that directly assist readers in the 
diagnosis and management of their 
patients. 
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No — studies have — the pharmaco- 
_ dynamics of intravenous procainamide when admin- 
istered in a dose of 15 mg/kg and at a rate of 50 

mg/min, as is common practice during electrophar- 
 macologic testing. In this study, 30 patients re- 
_ ceived procainamide in this fashion; the right ven- 
: tricular effective refractory period and the QRS du- 
< ration at a ventricular pacing rate of 120/minute 

e then determined every minute. for 20 minutes. 

patients received no maintenance infusion of 
e — (group A), 10 received a 4 mg/min 
nt up B) and 10 received an 
si ion n (gow 2 Ten ad- 

































administered. A stable plasma. prae cainamidi 
15 minutes atter infusion of the etd dose. The 
| effective refractory period and QRS duration in- 









ravenous procainamide has been used extensively 
o suppress the induction of ventricular tachycardia 
g electropharmacologic testing!-!*; the most com- 
only used dose is 1 g or 15 mg/kg administered at a 
- rate of 50 mg/min.'9-!! In some electrophysiology lab- 
-oratories a maintenance infusion of procainamide is 
“not used,1-45-11 whereas in others a continuous mainte- 

nance infusion between 2 and 8 mg/min is used.*? 
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: Pharmacodynamics of Intravenous Procainamide a 
Used During Acute Electropharmacologic Testing 


and an 8 mg/min r — infusion of proc 
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creased compared with baseline at 1 minute, 
creased between 1 and 10 minutes and ther 
mained essentially unchanged between 10 anc 
minutes in all 3 treatment groups. Concentrat 
fect relation was linear in each treatment grou 
The plasma procainamide concentrations in gri 
were significantly greater than in group A; how 
the effects on refractoriness. and QRS dura ion 
similar adesse dis These fir indic 





Auring he fr XL effects 
tricular refractoriness and c 70 
changes in the plasma pr 





tricular — — slowing c ion. 
(Am J Cardiol 1 1988;61: 9 


However, no data are available on the electrop ) 
logic effects of a maintenance infusion of pr 
amide after the administration of a large loading 
We determined the acute pharmacodynamics of 
venous procainamide as it is commonly used . 
electropharmacologic testing. 


Methods 


Study design and rationale: There were 4 grou 

10 patients each. In 3 of the groups, a 15 mg/kg do 
procainamide was administered at a rate of 50 
min. These 3 groups of patients then received eit 
no maintenance infusion of procainamide (group. 
maintenance infusion of 4 op (group B 
i tenance infusion of 8 mg/ min (group Gy’ 

| nide on right ventricu 












miam 














* Procainamide Dose | 





Maintenance infusion 
(mg/min) 


Loading Dose 
(mg/kg) 


No. of 
Patients 


O Ro 


:gular intervals during the 20-minute testing inter- 
‘he fourth group of patients (group D) served as a 
ol and received no drug. — 
JRS duration during ventricular pacing was used 
-index of global intraventricular conduction. A 
ing rate of 120/min was used to detect procaina- 
's rate-dependent effects on intraventricular con- 
on.” The testing interval was limited to 20 min- 
o minimize patient discomfort, and also because 
inical practice, drug testing with programmed 
cular stimulation is usually accomplished within 
nutes.!*4 A loading dose of 15 mg/kg at a rate of 
g/min was used in this study because procain- 
e commonly has been administered in this fash- 
in clinical practice during electrophysiologic test- 
-11 Ideal body weight was used to calculate the 
] procainamide dose because procainamide does 
distribute acutely to adipose tissue.!? The infusion 
sof 0, 4and 8 mg/min were chosen to represent the 
al range of infusion rates used in clinical practice. 
ontrol group was included in the study design to 
ertain whether ventricular refractoriness and QRS 
ation change over time in the absence of drug. 
characteristics of subjects: The subjects were re- 
ted from a pool of patients who underwent an 
strophysiologic study that was clinically indicated. 
lusion criteria included an elevated serum creati- 
e concentration (71.1 mg/dl), a systolic blood pres- 
e «100 mm Hg or the previous administration of 
‘antiarrhythmic drug during the electrophysiologic 
y. In addition, patients were excluded if the onset 
mination of the QRS complexes during ventricu- 
pacing was not well demarcated in any of the fron- 
plane leads. ANE T 
iere were 21 men and 19 women, and their mean 
was 54 + 16 years (mean + standard deviation). 
nty patients had coronary artery disease, 5 had a 
ted cardiomyopathy, 2 had mitral valve prolapse, 2 
a hypertrophic cardiomyopathy and 11 had no 
tural heart disease. The mean serum creatinine 
entration was 1.0 + 0.1 mg/dl. There were no 
cant differences between the 4 groups of pa- 
with regard to age, type of underlying heart dis- 
left ventricular ejection fraction, ideal body 
-or serum creatine concentration. | 
hysiologic testing protocol: S 









































































dripolar electrode catheter inserted throug 


e. Plasma drug concentrations were determined - 
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! d through a femoral | 
vein was positioned against the right ventricular apex. 
A stable catheter position with a pacing threshold of 
«0.6 mA was obtained under fluoroscopic guidance. A 
5Fr cannula in a femoral artery was used to continu- 
ously monitor the arterial pressure and for drawing 
blood samp!es. Leads V4, I and HI and the intracardiac 
electrogram recorded at the right ventricular apex 
were displayed on an oscilloscope and recorded at a 
paper speed of 25 mm/s on a Siemens Elema Minograf 
7 recorder. When ventricular pacing at a rate of 120/ 
min was performed to assess QRS duration, leads I, II, 
III, aVR, aVL and aVF were recorded at a paper speed 
of 200 mm/s. A programmable stimulator (Bloom As- 
sociates, Ltd.) was used for pacing. The pacing stimu- 
li were twice the diastolic threshold and 2 ms in 
duration. POTE 
Determination of right ventricular effective re- 
fractory period and QRS duration: The effective re- 
fractory period was determined using an 8-beat drive 
train at a rate of 120/min and a single extrastimulus 
(8;). The intertrain interval was 3 seconds. The extra- - 
stimulus was moved closer to the last beat of the drive 
train (S,} in 10-ms steps and the effective refractory 
period was defined as the longest $45; interval that 
failed to evoke a response. For the first determination 





—— 


of the effective refractory period, the initial 8,5; inter- 
. val was 350 ms. In subsequent determinations of the 


effective refractory period, the initial $48; interval was 
always 30 ms beyond the previous effective refractory 
period. In all patients the effective refractory period 
was determined in a uniform fashion, with the first 
SS; interval that did not evoke a response being con- 
sidered the effective refractory period. | 

QRS duration was measured during ventricular 
pacing at a rate of 120/min. Measurements were taken 
from the frontal plane lead with the QRS complexes 
that had the most well-defined onset and termination. 


. In each patient, all measurements of QRS duration 


were taken from the same lead. The intra- and interob- 
server reproducibility in the measurement of QRS du- 
ration was 728595. 

Drug testimg protocol: In the baseline state, the 
right ventricular effective refractory period and QRS 
duration at a ventricular pacing rate of 120/min were 
determined 5 times. The means of these 5 determina- 
tions were used as the baseline effective refractory 
period and QRS duration in each patient. Procain- 
amide was then administered intravenously at a dose 




















Plasma Procainamide Concentration (mg/liter) 














15.6 + 3.21 16.1+ 3.7 17.2 + 3.9 
10.14 2.5 10.7 + 2.3 12.2 + 2.0 
8.6 + 2.2 9.14: 18 11.2 € 1.9 
7.53: 17 (84418 106416 
70517 80518 | 102 + 1.6 





: — of minutes after infusion of the loading dose of procainamide. 
T Mean +1 standard deviation. : 


ed, the right PERE effective raltactory period. 


. and QRS duration were determined. every minute for 


NR OE 










sontrol ; group, no "m Was misa After the 
leterminations of effective refractory period 
| QRS duration, there was a 15-minute rest period, 
St imulate the period of drug administration in the 
E. treat ment groups. The effective refractory period and 
QRS duration were then determined every minute for 
7520: minutes. | 
— - Determination of plasma drug concentrations: Ar- 
~ terial blood samples for determination of the plasma 
.. procainamide and N-acetyl procainamide concentra- 
s were obtained at 1, 5, 10, 15 and 20 minutes after 
istration of the loading dose of procainamide 
. The plasma. concentrations of procain- 
N-acetyl procainamide were determined 


















trations were negligible i in all treatment groups, 
ta are not presented in the results. 


. centrations, the effective refractory periods and the 
QRS duration were compared s 
peated measures analysis of variance to determine 
treatment effects and time effects. Multiple compari- 
sons were performed using Fisher's least significant 

difference procedure. Concentration-effect relations 

_ were determined by analysis of covariance. A p value 

0. 05 v was considered significant. 






















a a jtocainainide éoncéntrations: The mean 
amide loading dose was 965 + 98 mg. The 
a plasma procainamide concentrations in the 3 
atment groups are listed in Table II and shown in 
igure 1. Comparing the overall mean plasma procain- 
amide concentrations averaged over time in the 3 
treatment. groups, fhere was a significant difference 
only between groups A and C (p «0. 02). The difference 
in the plasma procainamide concentration between 

groups. A and C was not significant at 10r5 minutes but 
was significant at 10, 15 and 20 minutes after infusion 
ofthe loading dose. ` 
significant time effect. on PS MM 








se phase high performance liquid chromatog- l 
Because the. plasma. N-acetyl procainamide 


‘Statistical analysis: The plasma procainamide con- 


d statistically using a re- 














Group A 


223 + 18 
261424 


254 + 25 
250 + 24 — 
245 E21 
247 + 22 
249 + 18 


247 + 18 


| 249420. 
248521. 
246 + 21 
246317 
— 248 + 19 
24621 


244 X 18 


4321 .— 


244+ 18 


(248 à 18 


244 & 18 


241 + 20 


Group B 


218 + 20 
256 + 28 
257 + 28 
252 + 31 
252 + 28 
2514 31 
250 + 31 


248 428. 


246 + 25 
245 + 29 
244 i: 26 
245 + 29 


244 € 27 
245 + 28 
. 240 £27 
245428 

^ 244 + 26 
^ 242t25 


245 + 25 


— 242 x25. 
E 27 





Data are mean + standard deviation. 
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Minutes After Infusion of PA Loading Dos 
FIGURE 1. Mean plasma procainamide (PA) concentration 
| treatment groups, each of which received a loading dose 
| t. Mee Each group consisted et 10 — The mean pla sm 
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Effective Refractory Period (ms) 


Group C 


237 + 16 
272 + 24 
267 + 21 
264 + 18 
264 + 19 
266 + 20 
265 + 21 
263 + 20 
262 + 20 


263 + 16 


260 + 18 


259 + 16 


260 + 20 
262 + 17 


262 + 19 
262 + 18 
2614.18 
| 262 + 18 

262 4 18. 
2604 13 


258 + 7 






* Number of minutes. after infusion of the loading dose of procal i 


tude of the declingi in plasma procainamide conc 
tion between 5 and 20 minutes ranged from a m 
2.0 to 3.1 mg/l. Within each treatment group, m 
comparisons of the mean plasma procainamid 
centration at various times demonstrated that or 
means at 15 and 20 minutes did not differ signifi 
from each other. A. post hoc comparison demons 
that the decrease in the plasma procainamide con 
tration between minutes 1 and 20 was greater in 
nitude in groups A and B than in group C (p «0 
Right ventricular effective refractory period 
right ventricular effective refractory periods are 
in Table III. The mean effective refractory perio 
selected points in time are shown in Figure 2. 
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ods averaged over time. 

e control group did not show a significant change 
fective refractory period over time (p = 0.2). There 
a significant time effect in each of the 3 treatment 
ups (p «0.001) There was a significant increase 
baseline in the effective refractory period in each 


ainamide loading dose; the effective refractory 


ained essentially unchanged between 10 and 20 
utes after infusion of the procainamide loading 
se. 
'here was a linear concentration-effect relation in 
ch of the 3 treatment groups and no significant dif- 
nces between the 3 groups in the slopes of the 
ession equations. There was not a significant inter- 
i between the 3 treatment groups and time [p = 
ndicating that the time trends in groups A, B and 
ere parallel. ü | 

RS duration: The mean QRS durations are listed 


"able IV. The mean QRS durations at selected 
its in time are shown in Figure 3. ! 

"he mean baseline QRS durations in groups C and 
ere significantly greater than in groups A and B (p 
01). When corrected for the difference in the base- 
‘QRS duration, there was not a significant differ- 
e in the overall mean QRS durations averaged over 


' between groups A, B and C (p 70.05). 
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= Minutes After infusion of PA Loading Dose 


lods aur 




















e treatment groups at 1 minute after infusion of the 


ods decreased between 1 and 10 minutes, then - 


2. Mean right ventricular effective refractory periods 
the 3 treatment groups and the control group. The mean. 
ment groups were signifi- 





effect was present in each of the treatment groups (p 
<0.001). — 

There was not a significant interaction between the 
treatment groups and time (p = 0.3), indicating that the 
time trends were parallel. The overall time trend con- 
sisted of a sharp increase over baseline in QRS dura- 
tion during the first minute after infusion of the 

procainamide loading dose, followed by a gradual de- 

crease up until 15 minutes, then a leveling off between 
15 and 20 minutes. There was a linear concentration- 
effect relation in each of the 3 treatment groups and no 
significant differences between the 3 groups in the 
slopes of the regression equations. 


Discussion 

Plasma procainamide concentrations: The find- 
ings of this study indicate that a common method used 
for administering intravenous procainamide during 
acute electropharmacologic testing (15 mg/kg at 50 
mg/min) results in a continuous decrease in the plas- 
ma procainamide concentration during the first 15 
minutes after the loading dose is administered. The 
decrease in the plasma procainamide concentration, 
however, is attenuated by the use of an 8 mg/min 
maintenance infusion of procainamide. The absence 
of a steady-state plasma procainamide concentration 
during the first 15 minutes after the relatively rapid 
administration of a large dose of procainamide is in 
keeping with the distribution half-life of intraven- 
ous procainamide, which has been estimated to be 5 
minutes.16 
- Effects on ventricular refractoriness: The changes 
in the right ventricular effective refractory period that 
occurred after the administration of procainamide | 
paralleled the changes in the plasma procainamide . 
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_ procainamide resulted in higher plasma procainamide 
"concentrations than when the loading dose was not 
-> followed by a maintenance infusion, the higher plas- 
.. ma procainamide concentrations were not associated 
_. with a greater degree of lengthening of the ventricular 
effective refractory period. Therefore, when a pro- 
< cainamide loading dose is administered at a rate of 50 
mg/min, the tissue effect of procainamide on the ven- 
tricular effective refractory period may not be affected 
by the higher plasma concentrations that result from 
the use of an 8 mg/min infusion of procainamide. 
. Effects on intraventricular conduction: Changes 
-. over time in the QRS duration at a ventricular pacing 
te of 120/min, used as an index of global intraven- 
cular conduction, paralleled the changes that oc- 
red in ventricular refractoriness. When corrected 
-. for the baseline difference in QRS duration, the QRS 
= durations during the 8 mg/min infusion of procain- 
. amide did not differ from the QRS durations in the 
other 2 treatment groups. Therefore, as is the case with 
ventricular refractoriness, the effect of procainamide 
" on intraventricular conduction between 5 and 20 min- 
_ utes after the loading dose has been administered does 
-. not appear to be affected by the use of a maintenance 
nfusion of procainamide. 
Disposition of intravenous procainamide: The dis- 
position of procainamide after an intravenous infusion 
S been described as being consistent with a 2-com- 
partment model, with complete distribution from the 
a compartment into the central tissue compart- 
ent generally occurring within 30 minutes. In this 
pe of model, it would be expected that the principal 
. determinant of the tissue procainamide concentration 
during the first 20 minutes after the administration of a 
procainamide loading dose would be the distribution 
that occurs from the plasma into the central compart- 
ment as procainamide is being infused at a rate of 50 
 mg/min. This may explain why the use of an 8 mg/min 
- maintenance infusion of procainamide did not signifi- 
antly augment the electrophysiologic effects of pro- 
namide despite resulting in higher plasma pro- 
amide concentrations than in the absence of a 
ntenance infusion. | 
linical implications: Based on a pharmacokinetic 
ach, it has been determined that a therapeutic 
procainamide concentration can be achieved 
 inless than 15 minutes in a patient with normal renal 
- function if procainamide i is administered in a loading 
- dose of 0.22 mg/kg/min for 1 hour, followed by a main- 
tenance infusion of 2.8 mg/kg/hr.!? However, approxi- 
mately 2 hours are required for steady-state conditions 
to be reached with this dosing method. A 2-hour wait- 
ing period is not feasible in patients undergoing elec- 
pharmacologic testing. Therefore, standard practice 
) begin programmed stimulation either im- 
es after the loading dose has been 










































Nhereas an 8 mg/min maintenance — of 





Baseline 139 + 13 146 + 21 158 + 12 
1 173 + 18 182 + 29 198 + 19 
2 170 + 16 180 + 27 196 + 17 
3 170 + 15 178 + 26 197 + 14 
4 168 + 15 174 + 22 194 + 15 
5 167 +13 175 + 22 192 + 13 
6 166 + 14 172 + 21 192 + 14 
7 168 + 18 172 x 21 189 + 13 
8 168 + 18 170 + 20 190 + 12 
9 164 + 15 170 + 20 190 + 14 
10 164+ 18 169 + 22 190 + 14 
11 165 + 18 169 + 21 189 + 13 
12 161 X 17 168 + 22 189 + 14 
13 161+ 18 168 + 22 188 + 15 
14 161 + 17 168 + 22 188 + 15 
15 161 £ 17 166 + 21 186 + 14 
16 160 + 17 167 + 22 185 + 14 
17 160 + 16 166 + 22 186 + 14 
18 159 + 16 168 + 22 186 + 13 
19 158 Ł 15 168 + 22 184 4 14 





158 + 16 





167 +22 





184 + 14 




















mg/ min, and to measure - 


































" Number of minutes after infusion of the loading dose of procainam 


interval required to complete the stimulation proto 
has been described as usually being 5 to 15 minute 
During this time period, there is a continual decre 
in the plasma procainamide concentration and | 
effects on ventricular refractoriness and conduc 
This may create a limitation in determining thee 
tive plasma procainamide concentration relevan 
long-term therapy. 

The decrease in plasma procainamide concent 
tions that occurs in the first 15 minutes is attenuated 
the use of an 8 mg/min maintenance infusion of p 
cainamide. However, the use of a maintenance i 
sion may introduce an additional limitation. The ma 
tenance infusion may result in an increase in the | 
ma procainamide concentration without an associ 
increase in the effects of procainamide on ventric 
conduction and refractoriness. This suggests tha: 
effective plasma procainamide concentration ma 
overestimated. 

These limitations of acute drug testing may arg 
favor of testing patients with oral procainamide 
stead of relying on the results of intravenous proc 
amide testing to guide long-term therapy. 
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Solve 8 of 10 arrhythmic 


where Holters dort’ 
turn up a clue. 








The solution to elusive arrhythmias 
could be as simple as a phone call. 

Transtelephonic monitoring through 
CardioCare's Cardiac Event Detection 
Services has proven remarkably effec- 
tive in documenting the infrequent 
arrhythmias other methods miss. In 
fact, CardioCare has successfully docu- 
mented the presence or absence of 
potentially dangerous rhythm dis- 
turbances in 8096 of patients where 
other methods failed to capture 
symptoms: 

While Holter testing is an important 
initial step, transient arrhythmias can 
be difficult to diagnose because events 
often don't occur during the 24 hour 
monitoring period. Studies indicate 
that initial Holters may come back 
negative in as many as 67% of 
those patients later shown to have 
arrhythmias? 

Our transtelephonic monitoring 
methods extend the testing period 
to 30 days. Patients on the service 
activate an easy-to-use continuous 
or single-event memory recorder 
when symptoms are present. They 
then transmit the recorded ECG 
to CardioCare via telephone, for 
immediate interpretation and 
reporting. 

Your patients are covered 
24 hours a day, with board- 
certified cardiologists on call 
around the clock. You receive 


'CardioCare Records Study (New York; July, 1986). 





a prompt report— prov 
documentation that cc 
symptoms with rhyth 
so you can make an ef! 
Plus, emergency help « 
moned immediately if 
warrants. 

For complete detail: 
CardioCare or Medtroi 
tive, or CardioCare's Ci 
Department at 1-800- 
NY, call 718-520-2701 
most convincing case 
advantages of transtel 
toring through Cardio 
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Cardiac Event Detectic 


A Division of Medtronic 





2Berman, N.D., Patient-initiated transtelephone transmissions of electrocardiographic signal 
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The lipid effects 
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antihypertensive effect. 
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of red blood cells 
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First-line control of 
hypertension without the 
negatives of diuretics 


Minipress and diuretics both 
deliver effective first-line blood 
pressure control. But unlike 
thiazide diuretics, Minipress 
does not compromise lipid 
metabolism!-; additionally, 
potassium balance? and diabetes 
control are not compromised 5? 
And sexual dysfunction is 
seldom a problem with 
Minipress’ Impotence has been 
reported but in less than 196 of 
patients on Minipress. 


(prazosin HC!) 


With Minipress, most 
common adverse reactions, 


generally mild and transient, are: 


dizziness, headache, drowsiness, 
palpitations, and nausea. 
Syncope has.been reported in 
about 0.1596 of patients at the 
recommended 1 mg initial dose. 
Fluid retention may occur. 
Minipress. 
The positive first-line 
approach to hypertension. 
Instead of diuretics. 
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Single reports of pigmentary mottling and serous retinapathy, and a tew reports of cataract development 
oy disappearance have been reportes 
OVERDOSAGE: Should overdosage lead to hypotension, support af the cardiovascular system is ol rst 
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0-914316-51-6 256 pp., April 1986, 175 illustrations, 
$55.00 


The development and refinement of Doppler echocardio- 
graphy represent a major advance in the diagnostic applica- 
tions of ultrasound in heart disease. 


















Doppler applied to acquited and congenital disease. 

Clearly written, logically presented, generously illus- 
trated— including 4-color examples of Doppler color-flow 
mapping and thoroughly indexed, Clinical Doppler Echocar- 
diography is a must addition for personal and medical center 
libraries. 
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s valuable new clinical reference provides a detailed update on many aspects of mechanical heart valve 

srostheses, including hemodynamics, clinical results, results in children, non-invasive assessments, special - 
dications, and implant techniques. Each topic is presented in an easily understood style and format which — - 
ilitate the comprehension of recent developments in heart valve replacement for the busy clinician. 

ach chapter is written by internationally respected physicians and medical scientists each of whom is 

| of this information has been co-ordinated by Dr. DeBakey to produce a very 

3 ive volume on the state-of-the-art of heart valve replacement with mechanical prostheses. 

‘cardiologist, cardiovascular surgeon, internist, or bioengineer can afford not to be knowledgeable about the 
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lLopressor 


metoprolol tartrate USP 


Tablets 

— 

Prelilled Syringes 

CONTRAINDICATIONS 

Hypertension and Angina 

Lopressor is contraindicated in sinus bradycardia, heart block 
bad than first degree, cardiogenic shock. and overt cardiac 
aiture (see WARNINGS). 

Myocardial infarction 

Lopressor is contraindicated in patients with a heart rate 

< 45 beats; min; second- and third-degree heart block; signifi- 
Cant first-degree heart block (P-R interval = 0.24 sec); systolic 
blood pressure < 100 mmHg: or moderate-to-severe cardiac 
failure (see WARNINGS) 


WARNINGS 

Hypertension and Angina 

Cardiac Failure: Sympathetic stimulation is a vital component 
supporting circulatory function in congestive heart failure, and 
beta blockade carries the potential hazard of further depressing 
myocardial contractility and precipitating more severe failure, 
In hypertensive and angina patients who have congestive heart 
failure controlled by digitalis and diuretics, Lopressor should 
be administered cautiously. Both digitalis and Lopressor siow 
AY conduction. 

In Patients Without a History of Cardiac Failure: Continued 
depression of the myocardium with beta-biocking agents over 
a period of time can, in some cases, lead to cardiac failure. At 
the first sign or symptom of impending cardiac faiture, patients 
should be fuily digitalized and/or given a diuretic. The response 
should be observed closely. if cardiac failure continues, despite 
adequate digitalization and diuretic therapy, Lopressor should 
be withdrawn. 


ischemic Heart Disease: Following abrupt cessation of 
therapy with certain beta-blocking agents. exacerbations 
of angina pectoris and. in some cases, myocardial intarc- 
tion have occurred. When discontinuing chronically 
administered Lopressor, particularly in patients with isch- 
emic heart disease, the dosage should be gradually 
reduced over a period of 1-2 weeks and the patient should 
be carefully monitored. if angina markedly worsens of 
acute coronary insufficiency develops. Lopressor admin- 
istration should be reinstated promptly, at least tem- 
porarily, and other measures appropriate for the manage- 
ment of unstable angina should be taken. Patients should 
be warned against interruption or discontinuation of 
therapy without the physician s advice. Because coronary 
artery disease is common and may be unrecognized. it 
may be prudent not to discontinue Lopressor therapy 
abruptly even in patients treated only for hypertension. 


Bronchospastic Diseases: PATIENTS WITH BRONCHO- 
SPASTIC DISEASES SHOULD. IN GENERAL, NOT RECEIVE 
BETA BLOCKERS. Because of its relative beta, selectivity. 
however, Lopressor may be used with caution in patients 
with bronchospastic disease who do not respond to, or can- 
not tolerate, other antihypertensive treatment. Since be 
selectivity is not absolute, a beta,-stimulating agent should 
be administered concomitantly, and the lowest possible dose 
of Lopressor should be used. in these circumstances it would 
be prudent tial to administer Lopressor in smaller doses 
three times daily, instead of larger doses two times daily, to 
avoid the higher plasma levels associated with the longer 
dosing interval. (See DOSAGE AND ADMINISTRATION.) 


Major Surgery: The necessity or desirability of withdrawing 
beta-biocking therapy prior to major surgery is controversial 
the impaired ability of the heart to respond to reflex adrenergic 
stimuli may augment the risks of general anesthesia and sur- 
gical procedures. ATA 

Lopressor, like other beta blockers, is a competitive inhibitor 
of beta-receptor agonists, and its effects can be reversed oy 
administration of such agents, e g., dobutamine or 156- 
proterenol. However, such — may be subject to pro- 
tracted severe hypotension. Difficulty in restarting and main- 
taining the heart beat has also been reported with beta 
blockers. 

Diabetes and Hypogiycemia: Lopressor should be used 
with caution in diabetic patients if a beta-blocking agent is 
required. Beta blockers may mask tachycardia occurring with 
hypoglycemia, but other manifestations such as dizziness and 
sweating may not be significantly affected. | 

Thyrotoxicosis: Beta-adrenergic blockade may mask certain 
clinical signs (e.g., tachycardia) of A boe Patients 
suspected of developing thyrotoxicosis should be managed 
carefully to avoid abrupt withdrawal of beta blockade, which 
might precipitate a thyroid storm. 

Myocardial infarction ^ 

Cardiac Failure: Sympathetic stimulation is a vitai component 
supporting circulatory function, and beta blockade carries the 
potential hazard of depressing myocardial contractility and pre- 
cipitating or exacerbating minima! cardiac failure. 

During treatment with Lopressor, the hemodynamic status 
of the patient should be carefully monitored. If neart failure 
occurs or persists despite appropriate treatment. Lopressor 
should be discontinued. 

Bradycardia: Lopressor produces a decrease in sinus heart 
rate in most patients; this decrease is greatest among patients 
with high initiat heart rates and least among patients with low 
initial heart rates. Acute myocardial infarction (particularly in- 
terior infarction) may in itself produce significant lowering of 
the sinus rate. If the sinus rate decreases to < 40 beats/min. 
particularly if associated with evidence of lowered cardiac put- 
put, atropine (0.25-0.5 mg) should be administered intra- 
venously. If treatment with atropine is not Successful. 
Lopressor should be discontinued, and cautious administration 
of isoproterenol or installation of a cardiac pacemaker shouid 
be considered. : 




















. AV Block: Lopressor siows AV conduction and may produce 
significant first- (P-R interval z: 0.28 sec), second. or turde- 
degree heart block. Acute myocardial infarction aso produces 
hean block. 

If heart block occurs. Lopressor should be discontinued and 
atropine (0.25-0.5 mg} should be administered intravenously. 
if treatment with atropine is not successful, cautiaus adminis- 
tration of isoproterenol or installation of a cardiac aacemaker 
shouid be considered. 

Hypotension: tf hypotension (systolic blood pressure 
= 90 mmHg) occurs, Lopressor should be discontinued, 
and the hemodynamic status of the patient and the extent of 
myocardial damage carefully assessed. Invasive manitoring 
of central venous, pulmonary capillary wedge, and arterial 
pressures may be required. Appropriate therapy with fluids, 
positive inotropic agents, balloon counterpulsation or other 
treatment modalities should be instituted. If hypotession is 
associated with sinus bradycardia or AV block. treatment 
should be directed at reversing these (see above). 

Bronchospastic Diseases: PATIENTS WITH BRONCHO- 
SPASTIC DISEASES SHOULD, iN GENERAL, NOT AECEIVE 
BETA BLOCKERS. Because of its relative beta, selectivity, 
Lopressor may be used with extreme caution In patients 
with bronchospastic disease. Because it is unknows to what 
extent beta,-stimulating agents may exacerbate myocardial 
ischemia and the extent of infarction, these agents shovid 
not be used prophylactically. If bronchospasm not related to 
congestive heart failure occurs, Lopressor should be discon- 
tinued. A theophyliine derivative or a beta, agonist may be 
administered cautiously, depending on the ciinical condition 
of the patient. Both theophylline derivatives and bete, agon- 
ists may produce serious cardiac arrhythmias. 


PRECAUTIONS 

General 

Lopressor should be used with caution in patients witham- 
paired hepatic function. 

information for Patients 

Patients shouid be advised to take Lopressor regularly and 
continuously. as directed, with or immediately following meals. 
If a dose should be missed, the patient should take only the 
next scheduled dose (without doubling ii) Patients shoald not 
discontinue Lopressor without consulting the physician 

Patients should be advised (1) to avaid operating autc- 
mobiles and machinery or engaging in other tasks requimng 
alertness until the patient's response to therapy with Lopressor 
has been determined; (2) to contact the physician if any diffi- 
culty in breathing occurs; (3) to inform the physician or dentist 
before any type of surgery that he or she is taking Lopressor 
Laboratory Tests 
Clinical laboratory findings may include elevated levels o: 
serum transaminase, alkaline phosphatase. and lactate 
dehydrogenase. 

Drug Interactions 

Catecholamine-depleting drugs (e g. reserpine) may have an 
additive effect when given with beta-biocking agents. Patients 
treated with Lopressor plus a catecholamine depietor shosid 
therefore be closely observed for evidence of hypotensioreor 
marked bradycardia. which may produce vertigo, syncope, ar 
postural hypotension. 

Carcinogenesis, Mutagenesis, impairment of Fertility 
Long-term studies in animals have been conducted to evaluate 
carcinogenic potential. In 2-year studies in rats at three ora! 
dosage levels of up to 800 mg/kg per day, there was no in- 
crease in the development of spontaneously occurring benign 
or malignant neoplasms of any type. The only histologic — 
changes that appeared to be drug related were an increasec 
incidence of generally mild focal accumulation of foamy maz- 
rophages in pulmonary alveoli and a slight increase in Bilary 
hyperplasia. Neither finding represents symptoms of a known 
disease entity in man. In a 21-month study in Swiss albino mice 
at three oral dosage levels of up to 750 mg/kg per day, benign 
jung tumors (small adenomas) occurred more frequently in 
female mice receiving the highest dose than in untreated cor- 
trol animais. There was no increase in malignant or total — 
(benign plus malignant) jung tumors, nor in the overall inci- 
dence of tumors or malignant tumors, This 21-month study 
was repeated in CD-1 mice, and no statistically or biologicaliv 
significant differences were observed between treated and con- 
trol mice ot either sex for any type of tumor. 

All mutagenicity tests performed (a dominant lethal study m 
mice, chromosome studies in somatic celis, a Saimonelta/ 
mammalian-microsome mutagenicity test, and a nucleus 
anomaly test it somatic interphase nuclei) were negative. 

No evidence of impaired fertility due to Lopressor was op- 
served in a study performed in rats at doses up to 55.5 times 
the maximum daily human dose of 450 mg. 

Pregnancy Category C 
Lopressor has been shown to increase postimplantation loss 
and decrease neonatal survival in rats at doses up to 55.5 times 
the maximum daily human dose of 450 mg. Distribution stud- 
ies in mice confirm exposure of the fetus when Lopressor Is 
administered ta the pregnant animal. These studies have 
revealed no evidence of impaired fertility or teratogenicity 
There are no adequate and well-controlied studies in pregnant 
women. Because animal reproduction studies are not always 
predictive of human response, this drug should be used during 
pregnancy only if clearly needed. 

Nursing Mothers n 
Lopressor is excreted in breast milk in very small quantity. An 
infant consuming 1 liter of breast milk daily would receive a 
dose of less than 1 mg of the drug. Caution should be exercised 
when Lopressor is administered to a nursing woman. 
Pediatric Use 

Safety and effectiveness in children have not been established. 
ADVERSE REACTIONS 

Hypertension and Angina 

Most adverse effects have been mild and transient. 

Central Nervous System: Tiredness and dizziness have 
occurred in about 10 of 100 patients, Depression has been 


reported in about 5 of 100 patients. Mental confusion and 
short-term memory loss have been reported. Headache, night- 
mares, and insomnia have also been reported. 

Cardiovascular: Shortness of breath and bradycardia have 
occurred in approximately 3 of 100 patients. Cold extremities: 
arterial insufficiency, usually of the Raynaud type; palpitations: 
congestive heart failure; peripheral edema; and hypotension 
have been reported in about 1 of 100 patients. (See CON- 
TRAINDICATIONS, WARNINGS, and PRECAUTIONS .) 

Respiratory: Wheezing (bronchospasm) and dyspnea have 
been reported in about 1 of 100 patients (see WARNINGS). 

Gastrointestinal: Diarrhea has occurred in about 5 of 
100 patients. Nausea, dry mouth, gastric pain, constipation, 
flatulence, and heartburn have been reported in about 1 of 
100 patients. 

Hypersensitive Reactions: Pruritus or rash have occurred in 
about 5 of 190 patients. Worsening of psoriasis has also been 
reported. 

Miscellaneous: Peyronie s disease has been reported in 
fewer than 1 of 100,000 patients. Musculoskeletal pain, blurred 
vision, and tinnitus have also been reported. 

There have been rare reports of reversible alopecia, 
agranulocytosis. and dry eyes. Discontinuation of the drug 
should be considered if any such reaction is not otherwise 
a 

he oculomucocutaneous syndrome associated with the beta 
blocker practolo! has not been reported with Lopressor. 
Myocardial infarction 
Central Nervous System: Tiredness has been reported in 
about 1 of 100 patients. Vertigo, sleep disturbances, hallucina- 
tions, headache, dizziness, visual disturbances, confusion, 
and reduced libido have also been reported, but a drug rela- 
tionship is not clear. 

Cardiovascular: in the random:zed comparison of Lopressor 
and placebo described in the CLINICAL PHARMACOLOGY sec- 
tion, the following adverse reactions were reported: 


Lopressor Placebo 

Hypotension 27 4% 23.2% 
isystolic BP < 90 mmHg) 

Bradycardia 15.9% 6.7% 
(heart rate < 40 beatsi min) 

Second- or 47% 4.7% 
third-degree neart block 

First-degree 5.3% 1.9% 
heart block {P-R = 0.26 sec) 

Heart failure 27 595 29 6*6 


Respiratory: Dyspnea of pulmonary origin has been re- 
ported in fewer than 1 of 100 patients. 

Gastrointestinal: Nausea and abcominal pain have been 
reported in fewer than t of 100 patients. 

Dermatologie: Rash and worsened psoriasis have been 
reported, but a drug relationship is not clear. 

Miscellaneous: Unstable diabetes and claudication have 
been reported, but a drug relationship is not clear. 

Potential Adverse Reactions 

A variety of adverse reactions not listed above have been re- 
ported with other beta-adrenergic blocking agents and should 
be considered potential adverse reactions to Lopressor. 

Central Nervous System: Reversible mental depression pro- 
gressing to catatonia: an acute reversible syndrome character- 
ized by disorientation for time and place, short-term memory 
iass. emotional lability, slightly clouded sensorium, and de- 
creased performance on neuropsychometrics. 

Cardiovascular: intensification of AV block (see CONTRA- 
INDICATIONS). 

Hematologic: Agranulocytosis, nonthrombocytopenic pur- 
pura, thrombocytopenic purpura. l 

Hypersensitive Reactions: Fever combined with aching and 
sore throat, laryngospasm. and respiratory distress. 
OVERDOSAGE 
Acute Toxicity 
re of overdosage have been reported, some leading 
to death. 

Oral LDeg's (mg/kg): mice. 1158-2460. rats, 3090-4670. 
Signs and ymptoms 
Potential signs and symptoms associated with overdosage with 
Lopressor are bradycardia, hypotension, bronchospasm, and 
cardiac failure. 

Treatment 
There is no specific antidote. 

In general, patients with acute or recent myocardial infarc- 
tion may be mare hemodynamically unstable than other P 
tients and should be treated accordingly (see WARNINGS, 
Myocardial Infarctioni. 

On the basis of the pharmacologic actions of Lopressor, the 
ipiiowing general measures should be employed: 

Elimination of the Drug: Gastric lavage should be 
performed. l 

Bradycardia: Atropine should be administered. H there is no 
response to vagal blockade, isoprotereno should be adminis- 
tered cautiously 

Hypotension: A vasopressor should be administered, e.g. 
levarterenol or dopamine. 

Bronchospasm: A beta,-stimulating agent and/or a then- 
phylline derivative should be administered. 

Cardiac Failure: A digitalis glycoside and diuretic should be 
administered. in shock resulting from inadequate cardiac con- 
tractility, administration of dobutamine. isoproterenol, or 
glucagon may be considered. 
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_ This study was designed to examine 2 hypotheses: 
- that acute myocardial infarction (AMI) alters early 
- cardiac activation measured by signal-averaging; 
and that the magnitude of abnormality of early acti- 
vation may be greater in patients with post-AMI 
ventricular tachycardia (VT). We examined the 
root-mean square voltage amplitude in 10-ms inter- 
vals over the first 80-ms of the signal-averaged 
QRS complex. Data from 42 healthy volunteers 
were compared with those from 52 patients with 
previous AMI (24 anterior) but no VT and 46 post- 
AMI patients (33 anterior AMI) with recurrent sus- 
tained VT. Patients with VT differed from other post- 









‘Averaged QRS Complex in Acute Myocardial Infarct 
with Ventricular Tachycardia 





decrease in initial amplitude occurred in VT pati 
both after anterior and inferior AMI. These differ: 
ences persisted for the remainder of the 80-ms. 
terval. These changes were weakly related to Q 
duration (r = 0.45), ejection fraction (r = 0. 50 
and poorly correlated with the presence of Q wav 
on 12-lead electrocardiogram (r = 0.21). Direct 
endocardial catheter recordings performed in VT 
tients confirmed abnormalities of local septal act 
tion after anterior and inferior AMI. An amplitude 
40 ms of <50 uN was significantly related to the 
presence of VT in anterior AMI patients (28 of 33 
with VT vs n of 24 without VT, p <0. 001, chi- 
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"Hm he Medical botones Garé s Unit, Hospital of the Un — 
- ty of Pennsylvania, and the Cardiovascular Section, Department - 
. umented AMI. Of these 52 patients, 24 had a 
and 28 inferior AMI. Patients in group 2 undi 


- -of Medicine, University of Pennsylvania, School of Medicine, 








in the development of | VT 


of the ——— septum is first —— duti 
x S Eo inis with: ventric- | ! 
ute myocardial infarc- - 
high frequency signals ^ reflected in the early portion of the signal-a i 
he end of the signal-aver- - 

ectrocardiogram i in patients with post-AMI VT _ 
| ear to p correspond to: slow and Prem left l 


2 curring as a result of AMI alone and in patie 
surface QRS, and are VT we studied 3. - groups. Characteristics of 
- groups are listed in Table I. Group 1 consiste: 
healthy volunteers with no history of cardiac dis 
. physical examination that did not produce any. 


-mal findings and a normal 12-lead electrocardio 
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UB ites in patients. with V VIS 9-10 The endocardial surface: 
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inscription of the QRS, and we hypothesized t 
loss of electrically functioning myocardium wo 


QRS and. that the magniude of — may diff 
patients with VT. 


; Methods 


Study population: To TT the alea n 


Group 2 consisted of 52 patients with a previous 








signal-averaged electrocardiogram an average 
‘Group 3 consisted. of A 
















































Group 2 Group 3 





Group 1 





(Normal) (AMI-No VT) (AMI-VT) 
42 (21 men)  52(33 men) 46 (33 men) 
35 49 54+ 10 581-8 
AMI (mo) 11x20 90 + 117 
24 33 
28 13 
2.2 + 1.0 2.2 0.9 
0.56 4 0.14 — 0.34 £ O.11* 
7/29 32/42* 
245 142 + 325° 





0.005, unpaired t test, chi-square. 
acute myocardial infarction; EF = ejection fraction; LV = left 
cular; VPC = ventricular premature complex; VT = ventricular tachycar- 


months. Studies were done in the absence of 
irrhythmic drugs. Patients with left bundle branch 
k were excluded from the study. 

gnal-averaging technique: Bipolar X, Y and Z 
ds were digitally recorded using a low-noise ampli- 
A bandpass filtered Z lead served as a reference 
for signal-averaging. Signal-averaging was per- 
ed after each new beat was tested with a template 
gnition program to reject ectopic and grossly noisy 
s. Accepted beats were averaged over a 512-ms 
ient beginning 100 ms before the QRS complex. 
roximately 150 beats were so processed. Each av- 
ed lead was digitally filtered using a bidirectional 
r with a corner frequency of 25 Hz to eliminate 
ulse ringing at the beginning and end of the QRS 
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cessed in reverse SONS up ae ihe same ponti in * QRS. 
These 3 filtered bipolar signals were combined into a 
vector magnitude, which allowed detection of high 
frequency voltage in any lead. The beginning and end 
of the QRS were determined by computer algorithm. 
Values are expressed as root-mean square voltage in 
microvolts. We determined the root-mean square volt- 
age over intervals of 10 to 80 ms with each interval 
beginning at the onset of the signal-averaged QRS. An 
example of a signal-averaged electrocardiogram from 
a subject in each group is shown in Figure 1. 

We used paired and unpaired t tests and chi square 
analysis where appropriate. Data are mean and stan- 
dard deviation. 

Endocardial electrode catheter recordings: Ab- 
normalities of local left ventricular activation early in 
the QRS were confirmed by endocardial catheter elec- 
trode recordings. A variable number of endocardial 
catheter electrode recordings during sinus rhythm 
were available in each of the 46 group 3 patients, using 
techniques described by Cassidy,’ Vassallo” and their 
co-workers. These recordings were obtained during 
clinical activation mapping for VT and therefore were 
not available in patient Groupe 1 or 2. 


Results 


Clinical characteristics: Several clinical features 
distinguished post-AMI patients with VT from those 
without VT. Although the number of significantly dis- 
eased coronary arteries (>50% luminal narrowing) 
was similar in each group (2.2 vessels in each), the left 
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Similarly, 
. found in group 3 patients compared to post-MI pa- 
tients without VT (32/42 group 3 patients vs 7/29 group 
. 2 patients, p <0.005). As expected, the level of ventric- 
. ular ectopy assessed by ambulatory electrocardiogra- 
phy was greater in the VT patients. 
Alterations in signal-averaged QRS: The time 
course of the development of the cumulative ampli- 
tude in the initial portion. of the signal-averaged elec- 








trocardiogram is shown in Figure 2 for the first 60 ms of. 


data. Between 30 and 40 ms into the signal-averaged 
QRS, the cumulative amplitude for the 3 groups be- 
. came distinctly and significantly. different (p. «0.001). 
At 40 ms the amplitudes in each group tended to pla- 
teau and remained separated through the 80-ms inter- 
At both the 40 and 80-ms intervals, the patients 
previous infarction had a significantly lower cu- 
mulative amplitude than the normal patient group. Pa- 
— tients with VT had a further significant decrease in 
amplitude at 40 ms or later, regardless of the site of 
infarction (Figure 3]. 
Other features of the signal-averaged QRS also dis- 
tinguished these groups, such as the QRS duration 
_ (Figure 4). However, the initial amplitude and dura- 
_ tion were not strongly related when compared by lin- 
ear Repression analysis (r = 0.45). | 
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-FIGURE 2. The time course of the development of the cumulative 
: amplitude ot. the signal-averaged (SA) ORS is shown over the first 
.. 60 ms of data. Amplitude in microvolts is displayed on the vertical, 
7 and time from the onset of the signal-averaged QRS is shown on the 
E -horizontal axis. Data points are shown for normal patients, patients 
after Inferior myocardial infarction (IMI) and anterior myocardial 
Mi) with and without ventricular tachycardia (VT). The 
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by ©: Mngt mpib 
angiographically dad election fraction 
post-AMI patients. While patients with VT wer 
tered in the lower ejection fractions and those w; 
VT in the higher values, considerable overla 
curred and only a weak relation existed with the i 
amplitude data (r = 0.50]. 

To determine if the initial amplitude corre 
with the number of Q waves detectable with coi 
tional electrocardiographic techniques, we com 
the early (first 40 ms) amplitude with the numbe! 
waves noted on the standard 12-lead electroca 
gram. For the. purpose of this analysis, Q waves 
limb leads and in V; and V, had to exceed 30 
any Q wave in the precordial leads V; through V4 
counted. These characteristics were only weakly: 
ed (r = 0.21]. 

Endocardial recordings: Endocardial cathete 
cordings provided direct electrophysiologic evid 
of abnormal activation early in the QRS comp 
These catheter recordings during normal sinus rh 
were available from the 46 patients with sustaine 
The earliest site of left ventricular activation was 
tal in 33 and paraseptal in 12 patients. When the. 
trograms from the earliest 5 sites in each patient 
considered, local septal and paraseptal activation 
abnormal in virtually all patients. Using duration 
amplitude criteria developed by Cassidy,? Vassal 
and others," local electrograms were abnormal at 4 

of early sites and extremely abnormal (fractionatec 
an additional 27% of sites recorded from VT patie 
with an anterior AMI. In VT patients with infe 
AMI, 44% of early. electrograms were abnormal i 
6% were fractionated. — | 












































120 — — — 5 — 
* pi 005 ve NO ] 
** pXÜ. DS ve NORM 
100 T | 
» | X» 
> 80 | 
> | 
uh 
9 60 
2 J 
E i i 
Q 40 
l Z 
— A 
E 7, 
. zz 


NORMAL. "AMI IMI AMI 
ONOVT NO VT VT VIO 











































np plitude | asa descriptor of patients with VT 
termined using a threshold of 50 uV in the first 
/f the QRS. Figure 5 shows patients who were 
ed into anterior and inferior AMI groups and 
her subdivided into those with and without ven- 
ilar tachycardia. Twenty-eight of 33 patients with 
after anterior AMI had an initial amplitude of <50 
In contrast, 10 of 24 anterior AMI patients without 
had an amplitude below this level (p «0.001, chi- 
ire analysis). Although not achieving statistical sig- 
ance, patients with inferior AMI and an initial 
tude of «50 nV more frequently had VT (9 of 13) 
| those with an initial amplitude >50 „V (11 of 28, p 
07]. 


'ussion 


ignal-averaging permits the detection of periodic 
level signals that otherwise might be obscured by 
m noise. The addition of specially designed elec- 
filters have allowed the detection of signals pre- 
y obscured by filter ringing at the beginning and 
f the signal-averaged QRS. Low level and high 
ency signals have been detected in the terminal 
m of the signal-averaged QRS in animals and 
ns with ventricular arrhythmias.!-9134 Endocar- 
atheter and intraoperative mapping performed 
g sinus rhythm have demonstrated that the char- 
ristic low amplitude, high frequency signals re- 
led at the end of the signal-averaged QRS are re- 
d temporally to abnormally prolonged and low am- 
ide electrograms recorded in regions of previous 
rection. VT is uniformly localized to such regions, 
sumably due to the delayed and slow acti- 
on necessary to support reentrant excitation.? Ad- 
itional evidence supporting the relation between al- 
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Baden — map — subendocardial re- 
section for sustained VT. Fifty percent of patients 
with VT and a low amplitude signal in the terminal 
QRS no longer demonstrate the characteristic "tail" 
following removal of damaged subendocardium dur- 
ing surgery. 

Normal! left ventricular activation commences near 
the midseptum.!^?? Application of signal-averaging 
techniques and bidirectional filtering has allowed us 
to examine the amplitude characteristics of septal de- 
polarization in subjects without AMI, as well as alter- 
ations occurring after AMI in patients with and with- 
out VT. We have found that myocardial infarction 
causes a reduction in initial signal-averaged QRS am- 
plitude. This effect was noted in patients surviving 
anterior or inferior AMI. In addition, the reduction in 
amplitude after AMI was even greater in patients with 
VT, regardless of whether the arrhythmia was associ- 
ated with anterior or inferior infarction. The reduction 
of amplitude in patients with inferior infarction is 
somewhat surprising and might be explained by inclu- 
sion of patients with multiple sites of infarction in the 
inferior AMI groups. Evidence against this possibility 
is that the majority of the group 2 patients were studied 
after their first clinical AMI, and additional clinical 
information (such as coronary and left ventricular an- 
giography in many patients) suggested only 1 area of 
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FIGURE 5. The discriminative value of the initial 40 ms of the QRS 
for patients with VT is illustrated. Using an arbitrary threshold of 50 
HY the percent of patients (vertical axis) having an initial amplitude 


> or < 50 uV is shown for both anterior and inferior MI patients and 


related to the presence or absence of VT. Patients with initial 
amplitudes «50 AV are denoted by stippled bars. Patients with low 
initial amplitudes after anterior AMI were significantly more likel) 


























































^. Surgery. 
A more interesting explanation is that the decrease 
— in initial amplitude in anterior or inferior infarction 
patients represents septal involvement in both groups, 
and that the further decline in VT patients represents 
greater septal involvement and more slow conduction 
in the initial QRS. Our limited mapping confirms pre- 
vious studies demonstrating earliest left ventricular 
activation on the ventricular septum.9193? Moreover, 
the septal and paraseptal regions that are earliest acti- 
vated relative to the surface QRS clearly show electro- 
physiologic evidence of abnormal local activation at 
. approximately 50 to 75% of early sites sampled. These 
-< low amplitude and prolonged local electrograms may 
~ be the intracardiac correlate of alterations noted early 
jn the signal-averaged electrocardiogram. This would 
mirror the association between abnormalities at the 
-end of the signal-averaged ECG and previously docu- 
mented endocardial recordings.*- This observation is 
limited in 2 ways. The first is that the number of septal 
recordings is inadequate to correlate precisely with the 
signal-averaged electrocardiographic findings. Even if 
more recordings were available, errors in sampling 
using catheter techniques would preclude accurate 
comparisons. The second is that recordings are not 
available for normal subjects (group 1) or for AMI 
.. patients without VT (group 2). Therefore, we cannot 
.. state whether septal involvement is unique or more 
- severe in VT patients. The recordings, however, do 
= confirm electrophysiologic abnormalities at septal and 
__ other sites inscribed early in the QRS, even in patients 
` with inferior AMI. Extensive septal damage and very 
-- abnormal local electrograms may be found intraopera- 
tively in patients with clinical inferior AMI.9!9 The 
involved septal region may be quite large after inferior 
AMI in VT patients, such that subendocardial resec- 
tion in these patients may be complicated by left bun- 
dle branch block.!$ | 
Septal involvement in AMI has been suggested to 
. be an important determinant of the presence of VT 
= based on clinical grounds. Cohen et al” compared a 
¿variety of clinical, hemodynamic and angiographic 
variables in patients with ventricular aneurysms, both 
-— with and without VT. Septal akinesia or dyskinesia 
. .wasthe only independently significant variable noted. 
A high frequency of septal electrophysiologic abnor- 
 malities have been noted in patients with VT, and the 
septum is frequently the locus of VT based on activa- 
tion mapping during the arrhythmia.®918 Why the sep- 
tum is important is unclear; infarction size, biophysical 
properties unique to septal infarction or healing or the 
— of a surviving Purkinje network may play a 
role 
_. The weak relation between left ventricular ejection 
-. fraction and initial QRS amplitude suggests that size of 
farc tion is not the sole nent for zs Ead 


























tients were extensively t 
ra phically and r many were studied at 


tricular aneurysm. - Glinical, hemodynamic, and 
Card 


tion of the eee QRS.15 Some ma 
however, and in many of these patients abnorm 
docardial activation does occur but simply does 
outlast the QRS and therefore cannot be detecte 
the body surface.? In such patients abnormal endo 
dial activation may occur early in the QRS ant 
detectable as an alteration in the initial portion o: 
QRS. Whether alterations in the initial amplitud 
the signal-averaged QRS will prove useful clini 
awaits further study. 


Acknowledgment: The authors thank Mar 
Blakley for preparing this manuscript. 


References 


1. Simson MB. Use of signals in the terminal QRS complex to identify p 
with ventricular tachycardia after myocardial infarction. Circulati 
64:235-242. 

2. Rozanski J], Mortana D. Myerburg R], Castellanos A. Body surfac 
tion of delayed depolarization in patients with recurrent ventriculo 
cardia and left ventricular aneurysm. Circulation 1981;63:1172-117 
3. Breithardt G, Becker R, Seipel L, Abendroth RR, Ostermeye J. N 
sive detection of late potential in man—a new marker for ventricula 
cardia. Eur Heart J 1981;2:1-11. 

4. Kanovsky MS, Falcone RA, Dresden CA, Josephson ME, Sim 
Identification of patients with ventricular tachycardia after myocard 
farction: signal-averaged. electrocardiogram, Holter monitoring, and 6 
catheterization. Circulation 1984;70:264-270. 
5. Simson MB, Unterecker W], Spielman SR, Horowitz LN, Marcu 
Falcone RA, Harken AH, Josephson ME. Relation between late potentia a 
the body surface and directly recorded fragmented electrograms in pati 
with ventricular tachycardia. Am J Cardiol 1983;51:105-112. 
6. Klein H, Karp RB, Kouchoukos NT, Zorn GL, James TN, Waldo AL. In 
operative electrophysiologic mapping of the ventricles during sinus rhy 
in patients with a previous myocardial infarction. Identification * 
electrophysiologic substrate of ventricular arrhythmias. Circulation. 1 
66:847-852. z 
7. Weiner I, Mindich B, Fitchon R. Determinants of ventricular tachy a 
in patients with ventricular aneurysm: results of intraoperative epicar 
and endocardial mapping. Circulation 1982;65:856-861. 
8. Cassidy DM, Vassallo JA, Buxton AE, Doherty JU. Marchlinski FE, Jose 
son ME. The value of sinus rhythm catheter mapping to localize ventric 
tachycardia site of origin. Circulation 1984;69:1103-1109. — | 
9. Kienzle MG, Miller J, Falcone RA, Harken AH, Josephson ME. Intrao 
tive endocardial sinus rhythm mapping: relation to site of origin of ventr 
tachycardia. Circulation 1984;70:957-965. | 
19. Vassallo JA, Cassidy DM, Marchlinski FE, Miller JM, Buxton AE, Jo 
son ME. Abnormalities of endocardial activation pattern in patient 
previous healed myocardial infarction and ventricular tachycardia. 
Cardiol 1988;58:479-484. 

11. Durrer D, Van Dorn RTL, Freud GE, Janse M], Meijler FL, Arzba 
RC. Total excitation of the isolated human heart. Circulation 1970;41:89 
12. Cassidy DM, Vassallo JA, Marchlinski FE, Unterecker WI, Josephs 
Sinus rhythm mapping in humans with normal left ventricles: a 
patterns and electrogram characteristics. Circulation 1984;70:37 -42 
13. Berbari EJ, Scherlag BJ, Hope RR, Lazzara R. Recording from th 
surface of arrhythmogenic ventricular activity during the ST segment. 
Cardiol 1978;41:697 -702, 
14. Simson MB, Euler D, Michelson EL, Falcone RA, Spear Is. "Moor 
Detection of delayed ventricular activation on the body surface in. dogs 
Physiol 1981;241:H363-H369. 

18. Marcus NH, Falcone RA, Harken AH, Josephson ME, Simson. MB. 
surface late potentials: effects of endocardial resection in patients we 
tricular tachycardia. Circulation 1984;70:632-637. 

16. Kienzle MG, Martin JL, Horowitz LN, Harken AH, Josephson ME, 
trocardiographic changes following endocardial resection for- ver 
tachycardia, Am Heart ] 1982;104:753-761. 

17. Cohen M, Weiner I, Pichard A, Holt J, Smith H Jr, Gorlin R. Det 
of ventricular tachycardia in patients with coronary artery. disea 


















































aly uses in ( hildren for ventricular pacing, 
ch 18 we — n 'OC des | , implanted from Janu- 
er mt )€ er 1985 was avaluats in 


anted; 85 electro ed — of the sutureless helical 
and ru were of the suture-fixated type. Elec- 
le faik nec —— —— 








rdiac pacing — unique problems in chil- 
¿not seen in adults. A major concern is pacing 
m longevity. The increased life expenctancy of 
Iren with pacemakers compared with the adult 
h a pacemaker,! makes system longevity exceed- 
' important. Pacing system longevity i is a function 
oth pulse generator life and pacing electrode life. 
'efore, pacemaker electrode longevity is an impor- 
concern if proper patient management is to be 
ided. Because most pacemaker electrodes used in 
en are implanted epicardially, this study was 
ed to only such electrodes. Previous studies of 
ardial electrode longevity in both adults and chil- 
have been conflicting and have been difficult to 
to the clinical setting. Estimates of longevity 
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(n = 8), sensing failure (n = 2) ort 
with no measure of impedance (n= 
life table analysis of electrode long 
88 + 3% (standard error of the estimate) St vival 
rate at 6 months with no significant decrease until. 
53 months (75 + 596, p « 0.05). There was then a 
gradual steady decrease to 49 + 7% by 101 





=. — 
evity showed a 











months. From. 101 to 157 months no significant de- 








crease occurred. Survival rate decrease was great- 
est within the first 6 month period postimplant 
(—1296). Electrodes surviving to 6 months are 


highly likely to survive until 53 months. Of those 
surviving to 53 months, 7496 should survive to 120 
months. 


(Am J Cardiol 1988;61:104—106) 


have ranged from 88% survival to 39 months to 58% tò ' 
108 months.? This study evaluates long-term elec- 
trode longevity using the actuarial life table method to 
study survival rate changes with time from implant, 
and clarifies the apparent discrepancy in epicardial 
electrode longevity estimates. 


Methods 


Patient population: From January 1970 to Decem- 
ber 1985, 81 children underwent implantation of 126 
electrodes with the age at initial implant 1 day to 18 
years. The median age for all electrode implants was 7 
years. Each child underwent implantation of 1 to 5 
electrodes. Initial indication for pacemaker implanta- 
tion was surgical complete heart block in 48 children, 
sick sinus syndrome in 17 and congenital complete 
heart block with symptoms of low cardiac output in 16. 
Structural heart disease was present in 76, and all had 
undergone cardiac surgery at some time before the 
initial pacemaker implant (Table I). Follow-up of each 
child was from 1 to 192 months (median 63). 
Electrode characteristics: Electrode; s implanted. 












] planted in an abdominal pocket. 

— Thresholds of 88 electrodes were measured at ini- 

E talimplant using either a Medtronic 5300 or 5311 Pac- 

.. ing System Analyzer. Voltage, current and impedance 

.. atthreshold were measured at a pulse width of 0.5 ms. 
Early electrodes had thresholds determined only in 
terms of a minimum current required to pace with 
impedance not determined. - 


An electrode was accepted. if the voltage threshold - 


was «1.5 V for a new electrode or 2.5 V for an existing 
electrode. For earlier electrodes, electrodes were ac- 
cepted if the minimum current to pace was «2.0 mA. 


. Mean impedance for the electrodes in which it was | 


- measured was 515 ohms. (range 281 to 852). R-wave 
mplitude was also measured in 88 electrodes and was 
mV in all cases. | 

.— An existing electrode was coüsidered to have failed 
- i£ 10075 capture could not be obtained at any program- 






. mable setting of the implanted generator or if proper 


-sensing could not be obtained at any programmable 
setting. In addition, electrode thresholds were mea- 
sured at operation to confirm electrode failure. 

Statistical analysis: Electrode survival rate an alysis 

" Me performed using the method of Cutler and Eder- 
"ers r^ Functioning electrodes electively removed from 
D service when a patient was converted from an epicar- 
system to a transvenous system were classified as 
to follow-up rather than failed. Electrodes lost due 








ather than failed unless electrode failure before 
. death was documented. This assumed that the survival 
. rate of electrodes in patients dying or lost to follow-up 


-was the same as in patients not dying.? Standard errors. 


_ of the survival rate estimates (SEE) were calculated as 


discussed by Cutler and Ederer.® Statistical compari- 


son of survival rates was. -performed following the 
“method of Colton.’ Significant differences were in- 
| P in at p «0.005. . .— — 










uring the study period, 38 electrodes failed from 1 
7 months postimplant (median 37); 34 were lost to 
w-up from. 1 to 156 months after implant (21 by 
18 patients, 7 due to conversion to endocardial 
les at the time of generator replacement and 6 
. lostto follow-up). Fifty-four electrodes were function- 
ins properly at the end of the study period, and were in 
. service from 2 to 145 months (median 69). Electrode 
-failure was due to a high threshold with a high elec- 
trode impedance in 15, high threshold with a low mea- 
‘sured impedance in 6, complete inability to pace in 8 (2 
of which had become avulsed from the epicardium), 
sensing failure in 2 and a high pacing threshold but no 
measure of electrode impedance in 7. No specific elec- 
rode type was associated with a specific mode of fail- 
nd there was no correlation of [ failure mode with 








were connected toa pulse generator — 


By 12 months 85 * 3% were still functioning prop 


. months to 101 months (8.5 years), there was a gr 


ent death were also classified as lost to follow-up 


et al showed a 50% survival rate by 62 month: 


Percent Survival 


Diagnosis 
















































Ventricular septal defect 
D-transposition of the great arteries 

Tetralogy of Fallot 

Wolff-Parkinson-White syndrome 

L-transposition of the great arteries 

Congenital heart biock with no structural heart disease 
Atrioventricular septal defect 

Single ventricie - 

Total anomalous pulmonary venous return 
Double-outiet right ventricle 

Aortic valve replacement 

Tricuspid valve replacement 

Atrial septal defect . 





(p 0.05). The survival rate did not show a statis 
significant decrease until 53 months (4.5 years) 
the survival rate had decreased to 75 + 5%. Fr 


steady decrease in the survival rate with the 50° 
vival rate reached by 100 months. There w 
change from 101 to 120 months (10 years). The av 
rate of survival rate decrease from 53 to 120 n 
was 0.4%/month. There was no further statisti 
significant decrease to the end of the study perio 
the survival rate being 44 + 8% by 157 months (13.1: 

Thus, 3 major time periods were identified. 
was a marked decrease in survival rate duri 
first 6 months. Next, there was a plateau phas 
no significant decrease in the survival rate un 
months. Subsequently, there was a gradual decre 
survival rate to the end of the observation - perio 


Discussion 


The data — show good longevity fo 
cardial ventricular pacing electrodes. Simon. 
showed a slow but steady decrease in electrode s 
al rate in children after a large decrease in the 
months. This is in agreement with our data, bu 
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ngevit y 
e compared with an 80% survival rate in our 
rience. Ennker et alt reported only 12 electrode 
res in 49 children during a follow-up period of 2 to 
months. 

1 the adult patient, most reports found epicardial 
ctrode survival rates comparable to those in our 
ies. Korhonen et al? found a 78% survival rate at 3 
irs while Magilligan et al? reported only 6 electrode 
ures 5 to 27 months postimplant in 50 patients. Law- 
et al’ reported a failure rate of only 3.9% at 39 
nths for patients in whom there had been no previ- 
electrode failures. In a smaller series of 32 patients 
ha prior electrode failure, there was a higher fail- 
rate with 25% failing over an unspecified time.’ 
dershaw et al?” also reported that 25% of electrodes 
juired replacement by 6 years. The larger series 
ded to agree with the longevity reported by us, 
reas smaller series tended to show lower longevity 








The most common mode of failure was an elevated 
eshold with a high electrode impedance. This was 
ught due to fibrosis around the stimulating portion 
he electrode or "exit block" and was seen in both 
ly and late failures. There was no correlation of exit 
ck frequency with time from implant. A high rate of 
t block in children was also found by Williams et 
-necessitating 14 of 37 reoperations. Szabo and 
ti? found, in dogs, tissue necrosis, cell infiltration 
fibrosis around the electrode with the degree of 
ihold increase correlating with the degree of tissue 
eaction observed. 

The second largest group of electrode failure was 
lectrodes that would not pace at any output of the 
acing system analyzer. This was thought to be due to 
ither electrode fracture within the myocardium, elec- 
'ode avulsion from the myocardium, or fracture with- 
the wire between the electrode and pacing genera- 
. Electrode avulsion from the myocardium was do- 
nted in only 2 of our patients while wire fracture 
yas documented by x-ray in only 2 others. Fracture of 
electrode within the myocardium was postulated 
arsonnet et al? to be due to the high stress imposed 
:e electrode by the contracting muscle, particular- 
the electrode traversed several muscle layers ori- 
d in different directions, imposing opposing forces 
the electrode. Fractures of the electrode wire were 
reported by Parsonnet et al? and were found to 
ur randomly with time. The likelihood of wire frac- 
e increased in their series as the number of bends 
ng the course of the electrode wire increased. They 
found wire fracture rate to vary depending on the 
al alloys used in the electrode. 

hearin and Fleming™ noted a 15% incidence of 
trode fracture, all occurring at the point the elec- 
e crossed the costal margin, supporting Parson- 
; theory. Ector et al!5 found 6 electrode fractures 
g 20 electrode failures. Hayes et al, in a series of 














noted only 1 elect de fracture, v — 








t had à a ‘high threshold but a low ele 
trode impedance thought due to either inaulation frac- 
ture or erosion of the stimulating portion of the elec- 
trode into the ventricular cavity. While insulation 
problems with polyurethane endocardial electrodes 
are well described," epicardial electrodes appear to 
be less affected, presumably, at least in part, because 
of the use of different polymers for the insulation. 
Hayes et al? reported an insulation fracture in 1 pa- 
tient with an epicardial electrode while Ector et al!5 
reported 3 insulation fractures. An insulation fracture 
cannot be distinguished from tip erosion into the ven- 
tricular cavity solely from measurement of electrode 
impedance as both create a low impedance circuit. 

Long-term follow-up of patients with a pacemaker 
requires evaluation of electrode characteristics as well 
as evaluation of battery reserves. Electrode evaluation 
is mandatory and in our practice consists of: (1) deter- 
mination of the minimum pulse width necessary to 
pace at a minimum of 2 amplitudes; (2) determination 
of the electrode impedance; and (3] measurement of 
the intrinsic QRS amplitude seen by the pulse genera- 
tor in the non-pacemaker-dependent patient. These 
procedures allow close monitoring of the tissue-elec- 
trode interface and the electrode itself. As the elec- 
trode survival rate gradually but steadily decreases 
beyond 4.5 years, such procedures are as necessary as 
checking battery reserves. 


References 


1. Serwer GA, Mericle IM. Patient and generator longevity in patients aged 1 
day to 18 years. Am ] Cardiol 1987;59:824-827. 

2. Simon AB, Dick M II, Stern AM, Behrendt DM, Sloan H. Ventricular 
pacing in children. PACE 1982;5:836-844. 

3. Estes NAM III, Salem DN, Isner IM. Gamble WJ. Permanent pacemaker 
therapy in corrected transposition of the great arteries; analysis of site of lead 
placement in 46 patients. Am ] Cardiol 1983,52:1091-1097. 
4. Ennker J, Stegmann TH, Luhmer I, Oelert H. Risks and benefits of cardiac 
pacing in children. Int ] Cardiol 1985;8:125-134. 

5. Korhonen U, Karkola P, Takkunen J, Pokela R. One turn more: threshold 
superiority of 3-turn versus 2-turn screw-in myocardial electrodes. PACE 
1984;7:67 8-682. 

6. Magilligan DJ, Hakimi M, Davila JC. The sutureless electrode: comparison 
with transvenous and sutured epicardial electrode placement for permanent 
pacing. Ann Thorac Surg 1976;22:80-88. 

7. Lawrie GM, Seale IP, Morris GC, Howell JF, Whisennand HH, DeBakey 
ME. Results of epicardial pacing by the left subcostal approach. Ann Thorac 
Surg 1979;28:561-567, 

8. Cutler S], Ederer F. Maximum utilization of the life table method in analyz- 
ing survival. ] Chronic Dis 1958;8:699-712. 

9. Colton T. Statistics in Medicine. Boston: Little Brown, 1974:248-249. 

10. Oldershaw P]. Sutton MG, Ward D, Jones S, Miller GAH. Ten-year 
experience of 359 epicardial pacemaker systems: complícations and results. 
Clin Cardiol 1982;5:515-5189. 

11. Williams WG, Izukawa T, Olley PM, Trusler GA, Rowe RD. Permanent 
cardiac pacing in infants and children. PACE 1978;1:439-447. 

12. Szabo Z, Solti F. The significance of the tissue reaction around the elec- 
trode on the late myocardial threshold. In: Schaldach M, Furman S, eds. 
International Symposium on Advances in Pacemaker Technology. New 
York, Springer-Verlag, 1975:273-281. 

13. Parsonnet V, Gilbert L, Zuker IR. The natural history of pacemcker wires. 
] Thorac Cardiovasc Surg 1973;65:315-322. 

14. Shearin RPN, Fleming WH. Fourteen years of implanted pacemakers in 


children. Ann Thorac Surg 1978;25:144-147. 


15. Ector H, Dhooghe G, Daenen W, Stalpaert G, van der Hauwaert L, de 

Geest H. Pacing in children. Br Heart ] 1985;53:541-546, 

18. Hayes DL, Holmes DR, Maloney JD, Neubauer SA, Ritter DC, Danielson 

GK. Permanent endocardial pacing in penne patients. thorns Cardiovasc | 

Surg 1983; (85:618-624 
yrd: 










KAREL DEN DULK, MD, LEON BOUWELS, MD, FRED LINDEMANS, PhD, 
IAN RANKIN, PhD, PEDRO BRUGADA, MD, and HEIN J.J. WELLENS, MD - 


n Ss e A de * 
during walk. Othe 31 patients, all | had 24-hour 







the 9 pacing 


- sinus rate of 5 volunteers N found tobe conditions 
(mean minimum and maximum rate. was 80 and 99 























F. patients with "m sional function ind 
atrioventricular (AV) block, atrial synchronized pac- 
-ing (DDD, VDD, VAT) provides AV synchrony and 
| responsiveness. However, patients with abnormal 
yatrial function or atrial arrhythmias may not be 
jle to benefit from such a system. In these patients, a 
meter other than atrial activity must be used to 
de changes in heart rate appropriate to metabolic 
ds. Parameters currently being used or investi- 
n pacing systems include: pH, venous oxygen 
- saturation, respiratory rate and volume, QT interval, 
temperature and physical activity.!-9 This article pre- 

sents our experience with the Medtronic model 8400 
 Activitrax rate responsive pacemaker, which detects 
and tracks physical activity, This study covers several 
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3 The A Activitrax Rate Responsive Pacemaker System 
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aspects: evaluation: of appropriateness of pacing 
during normal daily life, evaluation of a si 
programming protocol of the rate control vari 
and detection. of potential anomalies in pacem 
behavior. 


Methods s 
Pacemaker description: The Medtronic. 
8400 Activitrax pacemaker is a bipolar, multipr 
mable, single-chamber atrial- or ventricular-inhi 
pulse generator with automatic rate variability an 
lemetry. Four pacing modes, namely, VVI or A 
activity, VVI or AAI, VOO or AOO + activity and 
or AOO, can be selected using the Medtronic m 
9710 programmer. 
In the activity modes, the pacemaker's stim 
rate is controlled by the activity-sensing detect 
circuitry. The sensor, a piezoelectric crystal o: 
side of the pacemaker, transforms the mechani 
brations in the body resulting from physical 
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exceeded by 
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tsignal of the activity sensor in o movement tachycardia, 1; atrial tachycardia, 1). Other — 
he pacing rate. indications were: symptomatic sinus bradycardia (3 
he programmable "rate response" (10 settings) de- — patients), replacement of a VVI pacemaker for total 
ines the relation between pacing rate and the out- AV block (1 patient), bradycardia-tachycardia syn- 
signal of the activity sensor when it exceeds the drome (4 patients) and symptomatic sinus bradycardia 
ity threshold. Rate response 1 provides the lowest, with AV conduction disturbances (3 patients). Three 
e highest pacing rate ata fixed activity level. Each patients with isolated sinus bradycardia were paced 
ment from 1 to 10 shortens the pacing interval by — from the right atrium, the others received VVI pacing. 
s. When the detected activity level suddenly in- — All pacemakers were implanted in the pectoral muscle 
ses from 1 steady-state level to another, the pacing region. 7 tia, °F aa. ght th 
will increase immediately, but it will take about 25 Associated cardiac disease: Eight patients had cor- 
nds to cover 90% of the required increase in rate. onary artery disease, of which 5 had an old myocardial 
decreasing the rate, it takes about 90 seconds to infarction; 6 patients had mitral regurgitation, 2 had a 
r 90% of the required decrease in rate. Other pro- — mitral valve prosthesis, 1 had an aortic valve prosthe- 
mmable parameters are pulse amplitude (2.7 or 5.0 — sis, 2 had congestive cardiomyopathy and 2 had ven- 
pulse width (from 0.05 to 1.5 ms), sensitivity (1.25, tricular tachycardia due to an old myocardial infarc- 
.0 mV or asynchronous) and hysteresis(in VVIor tion. Eleven patients were taking antiarrhythmic drug 
mode only). The refractory period is 225 ms and therapy; 6 nitrate, 7 oral anticoagulant, 8 diuretic and 4 
ot programmable. All pacemakers were connected vasodilator therapy. __ | | 


bipolar Medtronic Model 4012 or 4512 Target Tip Protocol: Underlying rhythm: During follow-up. 





ls. visits, the pacemaker was programmed to the VVI 
Patients: Thirty-one Activitrax pacemakers were mode 40 pulses/min to study the underlying rhythm, 
Janted. Sixteen patients were men and 15 were Initial testing: To obtain an impression of the ef- 
en, ages 40 to 79 years (mean 62). Follow-up fects of changing the activity threshold and rate re- 
ed from 10 to 26 months (mean 15.8). In 28 patients sponse parameters, we compared the pacing rate to the 
acing lead was placed in the right ventricle, and ^ underlying sinus rate in 2 patients with a normal sinus 
3, in the right atrium. In 20, the pacemaker was node function during rest and casual walking. Since 
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priate for casua : 
| our initial — programmi 
- sponse and activity threshold. The appropriateness of 
- this 





s simple programming protocol was checked by a 
< treadmill exercise test if possible, a 20-minute walking 
circuit that included a flight of stairs and 24-hour 
ambulatory electrocardiographic monitoring (AEM) 








with diary. Five patients. exercised according to the. 


Naughton protocol in the VVI mode and in the activ- 
ity mode as part of the European clinical investiga- 
tion.” Fifteen were exercised according to the Bruce 
protocol. 


Comparison to sinus —— In order to compare 


the pacing rate to the underlying sinus rate during 
. treadmill exercise testing, the pacemaker was inhibit- 
d briefly once a minute (if necessary], as illustrated in 








-. ventriculoatrial conduction or supraventricular tachy- 
. cardia at the time of comparison were excluded. 


Irregular pacing intervals: Because intermittent 


. oversensing was observed, this phenomenon was 
- checked during exercise testing, 24-hour AEM and at 
- follow-up by tapping the pacemaker can with 2 or 3 
- fingers to reach the selected maximum activity rate 
while recording a 6-channel electrocardiogram. Dur- 
ing testing for polarization, the pacemaker was pro- 
i grammed as follows: sensitivity 2.5 mV for ventricular 
. use, 1. 28 for atrial use, output 5.0 V, pulse width 0.5 ms, 






FIGURE 2. Comparison. between 
pacemaker rate and sinus rate 
_ during casual walking, for activity | 
. thresholds low, medium, and high | 
— with rate response 8. | 
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* FIGURE 3. illustrates 3 walking styles. 
The shuffler (left), who. generates. low- 
amplitude signals at a low rate as op- 

| posed to the quick step artist (right) who 
generates high-amplitude- signals at a 
high rate are compared with a presumed 

. normal v walker (animated: sensor signal). 

; As can be seen from the figure, a low 

hold must be Programmed for the 


: shortly. after implant in 2 patients who had n 


of these patients for rate response 8. In order to o 
ure 1. Patients with sick sinus syndrome, 1 to 1 


soft gait (shufflers or. tiptoers) (Figure 3) an a 





144 180 216 0 


Results 


Underlying rhythm: In all patients the hie 
was usually determined by the pacemaker. In 1: 
with paroxysmal AV nodal tachycardia and sicl 
syndrome, His bundle ablation resulted in a fi 
gree AV block with persistence of paroxysmal ta 
cardias. In this patient the pacemaker was also u 
terminate tachycardia by tapping on the pacem 
can on the recognition of tachycardia, as desc 

Initial testing: The effect of programming the 
ity threshold to low, medium or high was eva 





sinus node function. Figure 2 illustrates the resi 


a pacing rate of about 100 pulses/min. during. 
walking (our target for initial programming o 
pacemaker) while maintaining a pacing rate clo 
the selected basic rate at rest, the medium ac! 
threshold was usually appropriate. Fine tuning 
obtained by adj usting the rate response value, an 
response 8 was used in 24 patients. In 6 patients 


threshold low was necessary to obtain the re 
rate of 100 beats/min during casual walking. 

ity threshold high was never used, nor were ri 
sponse values «6. 


MEDIUM 8 
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ith the underlying sinus rate during treadmill 
e. (Figure 4). In 3, this could also be done in the 
ode with the pacemaker programmed to a rate 
-beats/min. 
Figure 4 the vertical axis represents the differ- 
between pacing rate and underlying sinus rate 
'ssed as a percentage of the underlying sinus rate. 
horizontal axis represents the exercise time in 
tes, followed by 3 minutes postexercise. The low- 
errupted line of the graph represents the mean 
'ences and standard deviations in the VVI mode: 
t, the sinus rate was faster than the pacing rate 
n difference —19%); this difference increased to 
c during exercise due to the increase in sinus rate 
' the pacemaker remained at 70 beats/min. After 
rcise, this difference gradually decreased to —34%. 
op, solid line of the graph represents the compari- 
in the activity mode in 9 patients. At rest, the mean 
erence is ~12% (standard deviation 15%}, which 
reases to mean values between 1 and 8% during 
various stages of exercise (standard deviation be- 
en 6 and 9%). As can be seen from Figure 4, the 
emaker accelerates a little faster than the underly- 
sinus rate in the first minute from a mean differ- 
e of -12% in rest to +7% in the first minute. Dur- 
xercise the correlation is very good, with a 
mum mean difference in rate of only 8%. The 
imum mean rate achieved was 122 beats/min. Af- 
exercise, the rate of the pacemaker decelerates 
ker than the sinus rate when a difference of —21% 
ached in the first minutes of rest. This quick decel- 
ion did, however, not give rise to symptoms. 
xercise time in VVI mode versus activity mode: 
jatients performed a treadmill exercise test in the 
node as well as in the activity mode as described 
> European clinical investigation report.” They 
not informed about the mode in which the pace- 
er was programmed. They showed a mean percent 
ease in exercise time of 37% and a mean percent 
ease in heart rate of 75%. All patients experienced 
'xercise test in the active mode as being easier and 
sovery much faster after exercise. One patient had 
re coronary artery disease and preferred to have 
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had less angi mode. During the exercise test,- 
he experienc vity mode as easier but only- 
exercised for 1 minute longer. Both tests were termi- 
nated because of angina. 

Circuit: Eleven patients walked a fixed circuit in 
the hospital, with personnel to record the events. The 
circuit was walked in about 20 minutes and included 
periods of rest, casual walking and a flight of stairs. 
Continuous electrocardiographic recordings were 
made during this "tour." The mean heart rate in rest 
was 74 beats/min. During walking, the rate fluctuated 
due to changes in walking tempo and brief interrup- 
tions. The mean maximum rate during walking was 





.103 beats/min, climbing stairs, it was 120, whereas 


coming down the stairs it was 130 beats/min. 

Ambulatory electrocardiographic monitoring: No 
pacing-induced arrhythmias were observed in the 31 
patients monitored for 24 hours. The highest mean 
pacemaker rate was 122 beats/min. When relating the 
pacing rate to the reported activity, no inappropriate 
rate increase was seen except in 1 patient. There was 
an increase in rate from 100 to 125 beats/min when he 
leaned his elbow (same side as the pacemaker) against - 
the doorpost during car driving. Because of this obser- 
vation, pacemaker behavior during automobile travel 
was further analyzed. | 

Car driving: In 12 patients data could be analyzed 
during car driving. In 3 of them the rate could be 
compared with the underlying sinus rhythm, which 
was higher in each case (sinus rate varied from 70 to 
105 beats/min). In addition, 5 healthy volunteers were 
monitored during car driving. As shown in Figure 5, 
their heart rates varied from 70 to 140 beats/min, mean 
minimum rate was 85 and maximum was 112 beats/ 
min. As depicted in Figure 5, the pacing rate during car 
driving varied from 72 to 110 beats/min. Mean mini- - 
mum rate was 80 and maximum 99 beats/min. From 
these data, it would appear that the pacing rate adopt- 
ed by the pacemaker during car driving is increased 
but not inappropriately, except in the 1 patient when 
resting his elbow against the door. | 

Arrhythmias: In 2 patients the activity pacemaker 
could be used for rate responsive pacing as well as to 


terminate reentry tachycardia by tapping the pace- 


FIGURE 4. Graph comparing sinus rate (SR) and 
rate adopted by the pacemaker during exercise 
3 testing. See text. 


























































tk n for atrial fibrillation. Although the ventricular rate 
-during atrial fibrillation was low, she found the parox- 
.ysmal irregular rate very unpleasant. This was solved 
by programming the basic rate to 80 pulses/min, and 
-an aggressive rate response that gave a continuously 
paced, regular rhythm. 

. Irregular pacing intervals: In 7 patients the pacing 





interval varied by about 100 ms at rates >115 pulses/ 


min. This phenomenon was most likely due to elec- 
trode polarization potentials, which were detected at 
the beginning of the noise sampling window, thus re- 
setting the activity-determined pacing interval 100 ms 
-after the previously paced event, In 4 of the 7 patients 
-it occurred incidentally, in 1 it occurred every fifth to 
'enth beat. In 1 patient it occurred at a sensitivity 
of 1.25 mV but not at 2.5 mV. In 1 patient it was 
een in doublet form (Figure. 6). In all patients this 
Yenomenon was absent at half amplitude output (2.7 
. V), supporting our hypothesis that electrode polariza- 
: tion was the underlying cause of this phenomenon. 
Timing anomaly: Figure 6 also shows a timing 
anomaly of the device. The narrow arrow indicates a 
sensed premature beat followed by a paced ventricu- 
lar complex with a coupling interval of 400 ms, which 
corresponds to the selected maximum activity rate of 
150 pulses/ min. This occurs when a sensed event and 
-a timing signal from the activity sensing circuit occur 





















i not give. rise to symptoms. 
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s of each other. It was seen occasionally and ansing 
-the minimum and maximum rates of 5 healthy volunteers. 
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ute-to-minute basis from the AEM recordings w 


CAR_DRIVING 





ACTIVITRAX - | | HEALTHY VOLUNTEERS 
FIGURE 5. Graph illustrating minimum and maximum heart rat 
mean rate. during car ‘driving. The left. side represents the 
adopted by the activity-sensing pacemaker. The right side de 














































nan inappropriate increase in ee ee CODI 
tation, ween the patient rested his elbow 


é device i is easy to program, as demonstrated by 
ccess of the simple protocol we used. It does not 
re extensive testing or adjusting during follow- 
medium activity threshold was usually used un- 


ly walked up and down the room a number of 
to see if the programmed settings gave a pacing 
f approximately 100/min during casual walking. 
pper | rate response of 100 pulses per minute was 
ed in 1 patient with angina, most of the others 
programmed to 125. 

o pacing-induced | arthythmias were seen during 
ise testing or 24-hour AEM. Irregular pacing in- 
Is due to electrode polarization were seen infre- 
ntly. It was not of clinical importance and did not 
rise to symptoms. Electrocardiographically, a 
atly irregular rhythm was seen with intermittent 


n in Figure 6. 


y. This group of patients did, however, have a pre- 


interval to 480 ms heri still allowing adequate rate 


ase of the. pacing interval by about 100 ms, as 





response. This anomaly has been corrected in present- 
ly manufactured devices. 

AAI rate responsive pacing was used in 3 patients 
successfully. This mode of pacing has the advantage of 
preserving AV synchrony as well as. providing rate 


response in patients with symptomatic sinus bradycar- 
dia and intact AV conduction. Far field sensing of the — 
QRS complex or T wave was not a problem with bipo-. | 
Jar leads in the atrial appendage but: might affect pace- 


maker timing with unipolar models. — 
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- U ardiac pacing is a technology in transition. Techni- 
.. cal improvements have led to complex multiprogram- 
mable dual-chamber pacemakers. The present medi- 
cal economic environment mandates careful scrutiny 
of therapeutic alternatives. A recent publication has 
documented a significant economic advantage to sin- 

. gle-chamber pacing.’ The choice of the optimal pacing 
.. modality (for a given patient) is complex, multifactorial 
~ and controversial.? Atrial pacing has been shown to 
effective since its initial description in 1968.5 Atrial 
g preserves atrial contribution to cardiac output 
ntaining atrioventricular (AV) synchrony with- 
t the expense or complexity of dual-chamber pac- 
g. Initial difficulties with threshold rises and lead 
lislodgments have markedly diminished with refine- 
ments in the technique and improvements in both lead 
and pulse generator technology.” Problems with P- 
.. wave sensing persist but are not a significant clinical 
- . problem. Atrial pacing provides a simpler, less expen- 
sive pacing modality than dual-chamber pacing. It 
. combines the advantages of single-chamber pacing 
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Experiences with Atrial Pacing 
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lacement of a ventricular lead. Com 










ng of the leac 


and AV synchrony but is dependent on intact A' 
duction. We review 10 years of experience with à 
pacing in a large patient population. Particular a 
tion is given to indications for pacemaker impla 
tion, short- and long-term complications and dete 
of second- and third-degree heart block. E 


Methods | | g 

A retrospective review of the pacing clinic cha 
Memorial Medical Center of Long Beach was 
formed. Patients who had a single-chamber at: 
pacemaker inserted between the years 1970 and : 
and who were followed at the pacemaker clinic 
1980, were included in the study. Patients were 
cluded if they were lost to follow-up or their rec 
were incomplete. i : 


ne hundred eighty-seven patients met the i 
sion criteria. Their records were closely reviewed 
attention to the following: indications, short- an 
term complications, lead position, progression t 
nificant AV block and duration of atrial pacing 
Pacemakers were implanted by cardiologi 
proved for the procedure. The leads were inse 
the standard manner, either through the subcl 









ist-dogreo A AV block or Db die — block 
t an exclusion criterion for atrial pacing. Pulse 
ators from different manufacturers were chosen 
|! discretion of the cardiologists. 

‘ndocardial electrograms were recorded and the 






































were routinely determined. The atrial electrode 
ecured when the implanting cardiologist was sat- 
d with the position of the lead, stimulation thresh- 
‘P-wave amplitude and the configuration of the 
ogram. 

l| patients were followed via pacemaker clin- 
its at approximately 3-month intervals. During 
visit appropriate pacemaker function was docu- 
:d. In addition, 12-lead electrocardiograms and 
| strips were evaluated for conduction system 
rmalities. (Incremental atrial pacing was not per- 
ed at pacemaker clinic to assess AV conduction.) 


hae included i in ane paf Tho average age at im- 
nt was 66 years. The average follow-up for the 187 
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. Dislodgements Rises Fractures 
50%) (1796) 


ew 





Ad art . g : 1 Y B H as 
followup period, there. were 21 ‘deaths, In no patient 


lation thresholds, P-wave amplitude and imped- 


could the cause of death be attributed to pacemaker 
failure. Indications for permanent atrial pacing were: 
tachybrady syndrome, 145 patients (77%); symptomat- 
ic sinus bradycardia, 35 patients (19%); and ventricu- 
lar arrhythmia (bradycardia-dependent ventricular 
arrhythmia}, 7 patients (4%). 

The type of lead and its position at implant includ- 
ed 140 (75%) coronary sinus, 41 (22%) tined atrial “J” in 
the atrial appendage, and 6 (3%) other {e.g heliflex). 

There were 24 complications including 20 technical 
problems. There were 10 lead dislodgments, 6 thresh- 
old rises requiring repositioning and 4 lead fractures. 
There were 4 episodes of progression to significant AV 
block (second-degree or greater). | 

Lead dislodgments accounted for a significant pro- 
portion of the technical complications (50%) and oc- 
curred early: 80% of the dislodgments (8/10) occurred 
within an average of 5.6 days after implantation. Two 
patients had lead dislodgments at 3 months. Most dis- - 
lodgments occurred in the coronary sinus lead (9/10) 
compared with the tined atrial “J” lead (1/10) (Figure 

1). Thus, 9 of 140 coronary sinus leads, but only 1 of 41 
tined atrial “J” leads, were associated with dislodg- 
ments. There were no episodes of inadvertent ven- 
tricular pacing nor was coronary sinus thrombosis 
documented. 

Other early complications included 6 increases in 
threshold that required repositioning of the electrode. 
The average threshold rise that resulted in loss of cap- 
ture and necessitated repositioning occurred at an av- 
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FIGURE 2. Time course of complications with permanent atrial : 
Bacemexer implantation. 1 The. majority oon ed occurred . 



















iths (Figure 2) 
: ' Conduction disturbances and progression to signif- 
— AV block were surprisingly infrequent. Four pa- 
- tients (2.1% ] required reoperation with placement of a 
" ventricular lead for advanced conduction system dis- 
ease. One patient developed atrial fibrillation with a 
slow ventricular response {and received a VVI unit), 
and 3 patients developed. progressive disease in the 
AV conduction system resulting in second- and third- 
degree heart block (and received dual chamber units). 
There were no clinically predictive clues to distinguish 
these patients. They did not have any serious events 
(e. .g., syncope) after they developed AV block. 
cco Undersensing was a frequent finding at pacemaker 
i ‘evaluation. However, this was of no clinical relevance 
as the pacing output occurred during the atrial or the 
ventricular refractory period with no resultant con- 
. duction. Seventeen patients were lost to follow-up and 
-are excluded from this study. 


Discussion | 
The evolution of cardiac pacing is an excellent ex- 
ample of the explosive growth in medical technology. 
Originally used for temporarily restoring ventricular 
rhythm during periods of high degree heart block by 
rather large exterior pulse generators, pacing has 
evolved from extensive use of single-chamber pace- 
makers to so-called “physiologic” multiprogrammable 
] ual-chamber pacemakers. 
_. Cost containment measures in medicine have had a 
5 amatic impact on pacing. Indications for implanta- 
- tion, choice of devices and length of hospital stay have 
-come under i increasing scrutiny. The result has been a 
significant decrease in the overall number of pace- 
maker implantations nationally.? Patient and device 
selection remain controversial due to differing opin- 
ions of the potential benefits available from various 
pacing modalities.!-5 Single-chamber pacing has a sig- 
nificant economic advantage compared with dual- 
chamber pacing.! 
—. Atrial pacing takes advantage of the atrial transport 
: mechanism and its contribution to cardiac output. The 
importance of synchronized atrial systole to cardiac 
utput has been well documented." The mainte- 
. nance of atrial transport has been shown to be hemo- 
- dynamically superior to ventricular pacing in a variety 
of disease states including left ventricular dysfunc- 
tion,1*!5 valvular heart disease,!9 after cardiac sur- 
gery, coronary artery disease and in acute myocardi- 
al infarction.?®19 Atrial contribution to cardiac output 
results from complex interactions including pressure- 
volume relations, the timing of atrial and ventricular 
systole and the inherent functional status of the myo- 
cardium. 14,15,20-22 
Opinions differ as to the size of the pacemaker pop- 
ulation that is hemodynamically dependent on atrial 
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. It has been suggested that. —— with sick 
j ally ible to the loss of 































































cant proportion of the pacemaker population's T 
efit from atrial pacing. Over 95% of the patien 
study had sick sinus syndrome. 

The importance of stable AV conduction | 
atrial pacing cannot be overemphasized becau 
block would expose the patient to failure of vent 
response and necessitate conversion of ventricul 
dual-chamber pacing. Some investigators have 
coexistent conduction disease and suggest progre 
deterioration of AV conduction is common in pat 


nificant AV hos vie ie o if o do not "e 
second- or third-degree heart block in response 
cremental atrial pacing at implantation. | 

Minor degrees of associated conduction. d 


Racor period or bundle branch block havi : 
described in patenis with sick sinus moron 


disease is ; uncommon in patients with sick sinus 
drome and intact AV conduction at the time of impl 
tation.?-4 Hayes and Furman? reported on 51 
tients with sinus node dysfunction treated with at 
pacing. Similar to our methods, these patients 
screened with atrial pacing to a rate of 120 beats 
before implantation. They found only 2 patients {€ 
developed complete heart block in a mean follo 
of 33 months. This is comparable to our finding 
only 2.1% of patients developed heart block requ 
revision of the system at a mean follow-up of 
months. 

We found that complications were not unifor 
distributed over time but tended to occur early in 
postimplantation period. Dislodgments accounted 
a significant proportion of the technical complicati 
(507%) and were much more common with the ce 
nary sinus lead. Recent improvements in the ti 
atrial “J” lead, the development of fixation lead 
output programmability have led to a dramatic red 
tion in these complications. 

Clinically significant i increases in threshold are 
concentrated in the early postimplantation period 
tendency for both lead dislodgments and thre: 
rises to occur early after implantation has been 
firmed by other investigators.*-1 

The development of single-chamber activit 
sponsive pulse generators has exciting implicatio 
the treatment of patients with sick sinus syndrom 
intact AV conduction. When placed in the atrial 
tion, these units provide the patient with "truly ph 
logic" pacing, rate responsiveness and AV synch 
The simplicity of the single-chamber pacing mog 
is maintained. | 
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K A died decresée in BP av- 


| 0.001; p p = 0.048, re- 
n * —“ BP reduc- 





ypertension i in | the elderly’ i a different hemody- 
rofile than in the young. It characteristically 
her systolic blood. pressure (BP) in relation to 
astolic level. This is due mainly to increased 
ss of the large arteries secondary to arterioscle- 
Also, cardiac output, heart rate, stroke volume, 
blood volume, renal blood flow and plasma renin ac- 
tiv ty are lower than in older hypertensive patients. 





.The prevalence of hypertension i increases with age. 


According to the National Health Survey 34% of the 
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population aged: 55 to 65 years have a BP 2160 sy; 3 
295 mm Hg diastolic, or both.? Further, the el 
constitute an increasing percentage of the total | po 
tion. Therefore, hypertension i in the elderly isa 
public health problei m. Because of the many ¢ ha 
that occur with aging including differences in. 


dynamics, elderly. patients may respond differei 








these reasons there has been considerable intere 
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| Change in Blood Pressure (mm Hg) 


Age 55 to 65 








Age «55 
Systolic Diastolic Systolic Diastolic 
No. Base Change Base Change No. Base Change Base Change 
. Hydrochtorothiazide 
Blacks lis | |. 112 143 =17 101 — 13 59 156 —26! 101 -—14 
Whites — . 79 142 — 14 102 —10 62 152 —18* 191 12" 
A 191 142 — 16 101 — 12 121 154 —22! 101 —13* 
Propranolol 
Blacks. -y3 141 —8 101 -9 57 148 -9 101 -—10 
Whites = . 78 146 — 14 103 — 12 50 451 — 12 102 —13 
AH |. . 191 143 10 101 -—11 107 150  -—11 101 J-—11 
Comparing blood pressure changes for age <55 vs 255. 
* p «0.05. 
! p «0.001. 


ydrochlorothiazide Versus Propranolol 


ydrochlorothiazide: The first study presents age- 
sind data from a trial comparing hydrochlorothia- 


le with propranolol given as monotherapy.? The trial 


uded nonhospitalized male veterans aged 21 to 65 
s with untreated diastolic BP between 95 and 114 
n Hg. After a single-blind placebo period of 4 
ks, patients with placebo counts indicating compli- 
ce and with diastolic BP in the acceptable range, 
e randomized to receive either propranolol or hy- 
lorothiazide given double-blind. This was fol- 

od by a 10-week dose-finding period. Doses were 
sased until the diastolic BP decreased to «90 mm 
goal BP) or the maximum dose was reached or side 


‘here were significant age-related effects associ- 
with. hydrochlorothiazide. The drug was titrat- 
rom 25 mg twice daily (50 mg/day), increasing 
the diastolic BP remained below 90 mm Hg on 2 
essive visits or until the maximum dose of 100 
twice daily (200 mg/day) had been given. There 

121 patients aged 55 to 65 and 191 patients 
nger than 55 years (Table I). In those aged 55 to 
he average reduction of BP was —21.8/—12.9 mm 
systolic/diastolic). Both the systolic and the dia- 
c BP decreases were significantly greater than in 
ents younger than 55 years. In the latter group, the 
decreased by —15.7/—11.5 mg Hg (p «0.001; p = 














ith respect to age and race, the age-related reduc- 

s were greater in blacks only with regard to systolic 
the systolic reduction averaging —26.2 mm Hg in 
e aged 55 to 65 years and —17.2 mm Hg in patients 
unger than 55 years (p «0.001). In whites both the 
lic and diastolic reductions were significantly 
ter in older patients. In the group of whites aged 55 
the reductions averaged —17.5/—12.1 mm Hg 
e those younger than 55 years the reductions were 
/—9.9 mm Hg (p = — p = 0.018). The racial 











tients younger than 55 years (p = 


ices were. especial y prominent in both age 





With respect to the percent of patients achieving 
goal diastolic BP «90 mm Hg with hydrochlorothia- 
zide there also was a significant difference related to 


age (Table II). Among the patients aged 55 to 65, 72% 


attained goal BP compared with 59% of the patients 
younger than 55 years (p = 0.03). When the groups 
were subdivided by race there was still a strong trend 
indicating a greater percent reaching goal BP with hy- 
drochlorothiazide among the older patients in both 
racial groups. Unlike the change in average BP the 
difference in the percent reaching goal BP did not 
quite reach the 0.05 level of significance. This may 
have been due to the relatively small sample sizes 


resulting from both race and age subdivisions. Among 


whites 659» of those aged 55 to 65 years attained a 
diastolic BP «90 mm Hg compared with 48% of pa- 
0.08). As expected, _ 
blacks had a greater response rate than whites with 
80% responders in the older age group and 67% | 
among the younger patients (p = 0.12). 

Propranolol: An additional 298 patients were ran- 
domly assigned in a double-blind study to propranolol. 
Of these 107 were aged 55 to 65 years and 191 were 
below this age. Doses of the drug were titrated from 
40 mg twice daily to 320 mg twice daily as need- 
ed to achieve goal BP. Reduction of BP averaged 
—10.6/—11.4 mm Hg in the group aged 55 to 65 years 
compared with —10.3/—10.5 mm Hg in the patients 
younger than 55 years (Table I). The differences be- 
tween these 2 age groups were not significant. There 
also were no age-related differences when blacks and 
whites were analyzed separately. However, there 
were significant age-related differences in response to 
propranolol when white patients aged =60 years were 
compared with the younger patients. Their systolic BP 
reduction averaged only —5.4 mm Hg compared with 
—14.9 mm Hg in patients aged «60 years (p «0.001). 
The diastolic differences were in the same direction 
but were not significant. Blacks showed no age-related 
differences to propranolol i in this age group. r 





Age 55 to 65 


Attaining 
No. GoalBP(%) No. 


Attaining 
Goal BP (?6) p Value 





Hydrochlorothiazide 
Blacks 112 67 59 80 0.12 
Whites 79 48 62 65 0.08 
All 191 59 121 72 0.03 
Propranolol 
Biacks 113 544 57 53 1.00 
Whites 78 56 50 = 70 0.18 
107 61 0.40 


Ail 191 55 










/drochlorothiazide were divided into low and high 
dose ranges; the low dose consisted of 50 or 100 mg and 
the high dose 200 mg/day. With propranolol the low 
+ -dose range was 80 to 240 mg and the high dose 320 to 
.640/day. | 
In whites only there was a a significant difference 
with age in the percentage of responders to low doses 
of hydrochlorothiazide. In those aged 55 to 65 years 
83% responded to the low doses compared with a 53% 
Vt response rate to the same dose in those younger than 
= (.01) There were no significant age- 
1 differences in the dose responsiveness to 








Medical terminations and age: Medical termina- 
Is were not significantly related to age. Termina- 
— tions were divided into medical and administrative 
e causes. Medical terminations included such events as 
major cardiovascular complications and elevated BP. 

During the 14-week titration period the percent 


of hydrochlorothiazide-treated patients with medical 


terminations was 1.0% in patients younger than 55 and 
. 3.0% in those 55 to 65 years of age (p = 0.16 by chi- 
© square test), which was an insignificant difference. 
-~ Medical terminations in the propranolol-treated pa- 
ents were 4.2% in those younger than 55 years and 
5% in those 55 to 65 (p= 0.37}. 








Nadol l | and. Bendroflumethiazide 


: Another Veterans Administration Cooperative 
. Study? was carried out comparing nadolol (80 to 240 
. mg/day) with bendroflumethiazide (5 mg increased to 
10 mg/day) or the combination of the 2 drugs. The 
number of randomized patients was 365 and the entry 
BP was in the range of 95 to 114 mm Hg. The age range 
was 20 to 69 years (mean 50.5). The average pretreat- 
ment diastolic BP in the group younger than 55 years 

. andthe group 55 to 69 years was similar. In the patients 
_. Whoreceived bendroflumethiazide alone the decrease 
B averaged —20. — — 7 mm ul in 1 the e 





al BP. As an index of responsiveness the doses of 


Hydrochlorothiazide, Captopril or the Combination A 
Age 








































Treatment Age «55 Age 55 to 69 


Hydrochlorothiazide (n = 43) 


—10 0.5 








Systolic BP -42 
Diastolic BP 7 “9 0.3 
Captopril alone”. (n = 35) (n= 85) 
Systolic BP ~10 —10 
Diastolic BP - 0-9 —10 
Captopril plus - PUE {n = 85) (n = 127) 
hydrochlorothiazide - x 
Systolic BP — —28 0; 


Diastolic BP — 16 





*Represents one-third of captopril patients who did not have hydroch 
azide added. 


Nadolol alone resulted in no difference in the: 
gree of BP reduction between the 2 age groups. ' 
average reduction for both groups combined : 
—10.6/—12.3 mm Hg. A significant age-related d 


received the combination of the diuretic and tt 
blocker. Patients younger than 55 years showed.a sy 
tolic reduction of —22.4 while those aged 55 to 69 yi 
averaged —29.2 mm Hg systolic BP reduction (| 
0.01). Despite the enhanced response, nypotem 
side effects were not reported. 


Captopril With and Without a Diuretic 

The third study compared the antihypertensi 
fects of various doses of captopril both alone and 
a diuretic” in patients with uncomplicated. hype 
sion. The patients were men age 20 to 69 years ( 
55.2) whose diastolic BP during the placebo run- 
riod was in the range of 92 to 109 mm Hg on 2 su 
sive clinic visits. The regimens were randoml 
signed in parallel and double-blind manner. A 
weeks of captopril alone hydrochlorothiazide, 2 
twice daily, was added double-blind in two-third 
the patients. 

Of the 421 patients randomly assigned i in the t 
166 were younger than 55 while 255 were aged 55 te 
years. The average baseline diastolic BP in the 
groups <55 and 55 to 69 years was 98.4 and 97.3 
Hg, respectively. With captopril alone the reduc 
of BP averaged —10.3/—10.0 mm Hg in the group i 
55 to 69 and —9.8/—9.3 mm Hg in patients youn 
than 55 years (Table III. There was no age-rel: 
difference in the percent of patients whose diast 
BP decreased to «90 mm Hg compared with those v 
did not. There were 16% terminations in the gr 
younger than 55 and 11% in those 55 to 69 yea 

After the addition of hydrochlorothiazide there 
a definite further decrease in BP. The reduction 
ide de Seinen was greater in the group 5 


a 
Tm 































































diastolic BP with captopril alone indicatec 
as a continuous variable contributed very little 
nodel predicting BP change from baseline to the 
week of treatment. It accounted for less than 2% 
variability of the BP change. With captopril plus 
tic there was a trend suggesting that the combina- 
was somewhat more effective in older patients. 


stoli 


Ha. C 


ese data demonstrate that age affects the antihy- 
sive responsiveness to some drugs and not to 
s. Elderly patients, both black and white, exhibit 
nificantly greater antihypertensive response to 
ochlorothiazide than younger subjects but this did 
ccur with 8-adrenergic blocking drugs. 

he older age group in these studies was between 
ges of 55 and either 65 or 69. The very old were 
ided. Most patients with isolated systolic hyper- 
on were not included. The group aged 55 to 65 
jsents an intermediate group between middle- 
and very old patients. They comprise a very large 
mportant proportion of the hypertensive popula- 
- Comparing those older with those younger than 
the percent of patients receiving hydrochlorothia- 
e who achieved diastolic BP «90 mm Hg was great- 
n the older age group. The older white patients also 
uired a lower average dose of hydrochlorothiazide 
achieve goal BP. As noted in previous trials there 
a significant racial influence: blacks exhibited a 
ler antihypertensive response to diuretics than did 
es, 5.9.11 a 

here were no age-related differences with pro- 
olol {Table I). Most other studies agree with 
present results, that there is no correlation be- 
n age and the response to -adrenergic blocking 
s.12-14 However, when we compared only white 
nts aged 60 to 65 with the patients younger than 60 
s there was a significant blunting of the antihyper- 
sive response to propranolol among the older pa- 
nts. This diminished response in patients aged 60 to 
ears confirms the observations of Buhler et al,’ 
ound that only 20% of these patients achieved a 
olic BP «90 mm Hg compared with 50% of pa- 
40 to 60 years of age... 

e diuretic bendroflumethiazide, administered 
was also more effective in patients aged 55 to 69 
compared with those younger than 55 years, al- 
h the difference reached only borderline (p = 
significance. Also, the combination of diuretic 
8 blockade resulted in a significantly greater de- 
se in systolic BP in the older patients compared 



































10w a significant difference in BP related to age. 
age-related effect of diuretics also was found in 
ird study involving captopril and hydrochlor- 


* H 


significant age-r 













ded, 























ated 














the younger group (p = 0.01). Nadolol alone failed 


e. When captopril alone was administered 
no | -related difference in BP. 
added, the response 






















Pa 


he diuretic was greater 
The Hypert 





ension Detection and Follow-up Pro- 
gram," which prescribed diuretics as primary treat- 
ment also found an enhanced antihypertensive re- 
sponse in the older age groups compared with younger 
patients. Not only was the average BP lower but there 
also was a greater reduction in mortality in the step 
care compared with the referred care patients in the 
older age groups. | 

The European Working Party on High Blood Pres- 
sure in the Elderly! found a significant decrease in BP 
in patients older than 60, which averaged —20/—8 mm 
Hg lower than the placebo control subjects. These pa- 
tients were treated with 25 mg hydrochlorothiazide 
plus 50 mg triamterene daily, with a methyldopa add- 
ed when needed. Side effects in some patients consist- 
ed of increases in creatinine and uric acid, but not in 
cholesterol, and impairment of glucose tolerance after 
2 years of treatment. In general, however, the medica- 
tions were well tolerated. | 

In the present studies drug-related symptoms in- 
cluding mental symptoms were not significantly great- 
er in the group aged 55 to 65 years than in the younger 
patients. Lindeman et al” administered hydrochloro- 
thiazide-reserpine treatment to elderly patients in a 
placebo-controlled double-blind trial. They failed to 
find any changes in psychological tests or in the elec- 
troencephalogram before and after treatment despite 
considerable decreases in BP in some patients. In 14 
patients the reductions in BP were considerable, aver- 
aging —51 mm Hg systolic and —21 mm Hg diastolic. 

Elderly patients may develop hypotensive re- 
actions when treated with certain antihypertensive 
agents. For example, among the drugs used in 1955, 
Freist? found that reserpine, veratrum and hydrala- | 
zine were better tolerated than pentolinium, a gangli- _ 
on blocking drug. The latter resulted in more hypoten- 
sive symptoms, particularly postural hypotension in - 
the elderly. Jackson et al’? warned of the dangers of 
treating elderly patients. They reported 6 patients aged 
64 to 84 who were usually treated with a thiazide plus 
methyldopa. The side effects consisted mostly of hypo- 
tensive symptoms. | 

Many of these side effects, including hypotensive 
side effects in the elderly, can be avoided by initiating 
treatment with half doses of antihypertensive drugs. 
These doses are then increased gradually as needed 
until the desired response occurs. Antihypertensive 
reactions were not seen in the present trials nor were 
















































nduced by thiazic 
ite to the enhanced antihypertensive r 
found in the elderly. For any given level of BP 
elderly hypertensive patients exhibit more hypertro- 
+ phy of the left ventricle than do younger patients. Re- 
- nal blood flow is reduced. One of the most important 
- changes with aging with respect to cardiovascular con- 
trol is the alteration in the baroreceptors.” With in- 
creasing age and associated increased stiffness of the 
carotid arteries the baroreceptors become less effec- 












ntribu 


-sponse 








tive in modifying BP changes including the reductions 


induced by antihypertensive drugs including ortho- 
static hypotension. | 


It can be concluded that antihypertensive drug 


-therapy is effective and well tolerated in elderly pa- 
-tients with uncomplicated hypertension. However, 
onable precautions should be taken when pre- 
bing thiazide diuretics in the elderly because of the 
eased antihypertensive responsiveness of such pa- 
. tients to these agents. In elderly patients diuretic treat- 
. ment should probably begin with half doses and then 
increased as needed. Additional studies are needed to 
determine if elderly patients with cardiovascular com- 

plications, such as old myocardial infarction, stroke or 

congestive heart failure, can tolerate drug treatment as 

well as the present patients who had no complications. 

Also needed are studies of responses to antihyperten- 
_ sive drugs in patients older than 65 or 69 years and 
pecially in those with isolated systolic hypertension. 
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ure develop. Most of these reports, howev 
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— m Virginia ? Medical is said to be increased in patients with AS, 
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Hograptr isymp p | 
5 are being identified. Such patients: pose a 
peutic dilemma, because the decision to recom- 
1 valve replacement depends on knowledge of 
sks of medical management versus surgical inter- 
on, and the impact of surgery on future cardiac 
ity and mortality. Because prospective clinical 
come data, particularly the risk of sudden death, in 
mptomatic patients with hemodynamically con- 
ned severe AS are lacking, we undertook a 2-part 
spective study in 191 consecutive patients. During 
se 1, we validated the accuracy of continuous wave 
ler in 101 patients with symptomatic AS by com- 
ig the Doppler-derived transvalvular peak systol- 
ressure gradient to the peak to peak and the peak- 
antaneous gradients measured at cardiac catheter- 
ion. During phase 2, we compared the outcome of 
mptomatic versus symptomatic AS in 90 additional 
nts, all of whom had transvalvular peak systolic 
ure gradients of 250 mm Hg, as determined by 
nuous wave Doppler echocardiography. 


1ase E Validation cohort: The study population 
derived from 105 consecutive patients with sus- 
d AS who underwent continuous wave Doppler 
ination within 24 hours of cardiac catheteriza- 
All patients were symptomatic and had a structur- 
abnormal aortic valve by M-mode and 2-dimen- 
nal echocardiography. The Doppler signal was 
ed technically inadequate for determination of 
eak jet velocity in 1 patient. During cardiac catheter- 
n, left ventricular catheter placement was unsuc- 
sful in 3 patients. These 4 patients were eliminated 
ving 101 patients (96%) for analysis, including 73 
and 28 women with a mean age of 65 + 8 years. 
Doppler examination: All continuous wave Dopp- 
examinations were performed i in our clinical echo- 
diography laboratory using a 2.5 MHz nonimaging 
ducer and the Carolina Medical Sonocolor CD 
Doppler. Recording of the aortic valve systolic velocity 
as systematically attempted from the apical, right 
arasternal and suprasternal positions, with multiple 
sampling sites at each transducer position. Patients 
ere rotated into a left lateral decubitus position for 
pical interrogation and into a right lateral decubitus 
ion for right parasternal interrogation. In 2 pa- 
its, signals were inadequate from these acoustical 
1idows, and additional examination from the left 
asternal and subcostal transducer positions was 
ed. 

Doppler recordings were considered optimal only 
"systematic examination to locate the signal of 
est audible frequency, maximal velocity and most 
' defined spectral. velocity envelope. Optimal 
s were assumed to be in a near-parallel orienta- 
to- he direction of maximal blood iod across the 








tion! AP = AV?, ners AP = maximum 1 pressure gra- 
dient in mm Hg and V = maximum velocity in m/s. 
Doppler signals obtained during or immediately after 
premature atrial or ventricular contractions were ex- 
cluded. When atrial fibrillation was present, an aver- 
age gradient for 10 consecutive beats was calculated. 

Cardiac catheterization: Cardiac catheterization 
was performed within 24 hours of the Doppler study 
(mean time 16 + 3 hours) Pressure measurements 
were obtained by fluid filled catheters connected di- 
rectly to a strain-gauge pressure transducer (Gould 
P50) interfaced with an Electronics for Medicine VR16 
recorder. The peak systolic pressure gradient was 
measured by one of the following 3 techniques: {1} 
simultaneous recording of left ventricular and ascend- 
ing aortic pressure with dual catheters (70%); (2) se- 
quential tracings from the ascending aortic and left 
ventricular recordings aligned on the basis of simulta- 
neously obtained femoral artery pressure (27%); or (3) 
sequential tracings during pullback across the aortic 
valve (3%). Pressure tracings were digitized and trans- 
mitted to a computer (Digital Equipment Corp., mod- 
el 1123], which permitted measurement of the peak- 
instantaneous gradient (i.e., maximal difference be- 
tween simultaneously recorded left ventricular and 
aortic pressure] every 10 ms, and the peak to peak 
gradient (i.e., difference between peak left ventricular 
and peak aortic pressure). Analysis of all catheteriza- 
tion data was undertaken without knowledge of the 
Doppler-derived values. Average values for 10 con- 
secutive complexes were calculated for patients in 
atrial fibrillation. 

Phase 2: Clinical outcome cohort: The study popu- 
lation was derived from 538 consecutive adult patients 
(21 years or older] who underwent evaluation for a 


systolic murmur in our laboratory between January - 


1982 and July 1985. In all patients, the precordial SyS- 
tolic murmur was presumed to be aortic in origin by 
the referring physician. The following criteria were 
used to select subjects for this cohort: (1) suspected 
significant AS by physical examination?2; (2) a struc- 
turally abnormal aortic valve by M-mode and 2-di- 
mensional echocardiography; (3) a Doppler-derived 
transvalvular gradient of 250 mm Hg; and (4) absence 
of significant additional valvular disease includ- 
ing moderate or severe aortic regurgitation based on 
Doppler echocardiography.'? 

From these 538 patients, 179 (33%]}] had an aortic 
valve gradient by Doppler between 50 to 160 mm Hg. 
Of these 179 patients, 89 underwent cardiac catheter- 
ization and aortic valve replacement within 8 weeks of 
their noninvasive evaluation. The remaining 90 pa- 
tients were available for follow-up and formed the 
prospective study cohort. At entry, 51 of these 90 pa- 
tients were free of symptoms and 39 were symptomatic 
— angina {n = 28), exertional dyspnea o or congestive 











© physician h in 26 of the 39 symptomatic Batients, but 
= were refused. In the remaining 13 patients, the super- 
vising physician did not deem symptoms to be of suffi- 
“cient severity to warrant surgery. 
- ^ Electrocardiograms were analyzed for left ventric- 
‘ular hypertrophy according to the criteria of Romhilt 
and Estes“ (Estes score =4), and for a classic strain 
pattern.5 When available (69% of patients), chest x- 
rays were evaluated for aortic valve calcific deposits. 
Echocardiographic evaluation: At entry, all pa- 
tients had M-mode, 2-dimensional echocardiography 
and continuous wave Doppler studies using the same 
.. equipment as in phase 1. Standard echocardiographic 
. views were obtained and continuous wave Doppler 
1dies were performed and analyzed as in phase 1. A 
eft atrial size of 24.0 cm as measured from the stan- 
rd parasternal transducer location was considered 
- enlarged. Left ventricular hypertrophy was identified 
^ when the ventricular septum and posterior wall thick- 
ness measurements at end-diastole exceeded 1.1 cm. 
The left ventricular ejection fraction was calculat- 
ed from the apical 4-chamber view according to the 
method reported by Baran et al.’ Off-line computer 
analysis (Kontron image analysis system) was used to 
.. obtain echocardiographic measurements of left ven- 
tricular end-diastolic wall thickness, cross-sectional 
/ocardial area at the high papillary muscle level? 
rived uncorrected mass estimates!? using an 
length model of volume.!? 
low-up evaluation: All patients were managed 
exclusively by their primary care physician in consul- 
< tation with a staff cardiologist. No attempt was made to 





















-standardize therapy or restrict activity levels. Patients 


were followed prospectively and follow-up was termi- 
nated if they died or underwent aortic valve replace- 
ment. In all patients, the decision to recommend valve 
replacement was made by the supervising cardiologist. 
Follow-up clinical information and symptom status 
.. were obtained from in-person interviews, repeat phys- 
ical examination, clinic notes or telephone conversa- 
in with the patients, their physicians or relatives. 
Deaths were coded as noncardiac, cardiac or sud- 
den. Cardiac death was designated if it was sudden— 
,, occurring within 1 hour of onset of symptorns, or if 
it was associated with other cardiac complications at- 
< tributable to aortic stenosis for which the patient had 
- been hospitalized. 
_ Data analysis and statistical methods: Commer- 
cially available computer software (SAS) was used for 
all statistical calculations. Continuous data are ex- 















pressed as mean x standard deviation. Correlations of 


Doppler-derived gradients with catheterization mea- 
sured gradients were determined by linear regression 

analysis using the least squares method. Effects of age, 
. cardiac index, presence of aortic regurgitation or coro- 
ry artery disease on the accuracy of — gradi- 








atic patients. Plots were constructed to show the c 


groups had similar mean systolic and diastolic bk 


sound, decreased carotid upstrokes and valve cal 
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Pin. UA E asymptomatic anc ; 
tomatic patients were made using the Student 
Fisher's exact test and chi-square analysis wher 
propriate. Event rates during follow-up, includin, 
cause mortality, cardiac death and sudden death 
recorded as simple proportions and odds ratio: 
further evaluate differences in outcome, separat 
tables (Kaplan-Meier) based on individual sur 
time were calculated for asymptomatic and sympto 


lative event-free intervals subsequent to study entr 
the conclusion of follow-up; follow-up was termina 
in the event of death or aortic valve operation. Equa 
of event probability between groups of patients ba. 
on entry symptom classification was evaluated: 
the use of the log-rank test. Assessment of covaria 
e.g., age and ejection fraction, on survival were 
mated using the Cox-Weibull method.” In all ai 
ses, a 2-sided p value <0.05 was considered statis 
ly significant. 


Results | 
Accuracy of continuous wave Doppler: There 

a strong correlation between the Doppler-derived 
tic valve gradient and both the peak instantaneous 
0.92, p «0.0001) and the peak to peak gradients 
0.91, p «0.0001) measured by catheterization {F 
1) As shown by the position of the regression | 
relative to the line of identity, continuous wave Do 
ler tended to underestimate the peak instantaneot 
catheterization gradient, particularly with higher m 
sured gradients (e.g., >80 to 100 mm Hg). On the av 
age, the Doppler gradient was 7 mm Hg lower than 
actual peak instantaneous gradient. In contrast, 
regression line is above the line of identity wl 
Doppler is compared to the peak to peak catheter g 
dient. The Doppler-derived gradient tended to over 
timate the peak to peak gradient by 11 mm Hg. 
accuracy of the Doppler gradient was not significat 
affected by age, cardiac index or presence of ao 
regurgitation or coronary artery disease (i.e., 250! 
diameter stenosis]. 
Characteristics of clinical outcome cohort: Table 
lists the clinical and laboratory findings of asympto 
atic and symptomatic patients at study entry. Th 








pressures. The AS murmur grade also was similai 
was the proportion of patients in each group with : a 
tic regurgitation, decreased or absent aortic clos 


on chest x-ray. The Doppler aortic valve gradien 
identical for both groups (68 + 19 mm Hg); the ran 
the asymptomatic population was 50 to 132 mr 

Asymptomatic patients were significantly y: 
than the symptomatic patients (63 + 19 vs 72 +1 
0.01). Although the prevalence of left ventricul 
by C tecirocara logran or r echocar C 
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i zation measurements. A. Doppler gradient slightly underesti- 
i the peak instantaneous catheterization gradient. B, Doppler 
dient tended to slightly overestimate the peak to peak catheter- 


line represents the regression line. 


iptomatic patients. End-diastolic wall thickness, 
-sectional myocardial area and left ventricular 


E 


ts. Symptomatic patients also had a lower calculat- 
eft ventricular ejection fraction (0.53 + 0.11 vs 
vi p-8. nri P competed. with asymptomatic 


aay 20 lof 39 symptornatic patients (51% 






n gradient. The dotted line denotes the line of identity, and the 


2). Symptomatic patients m had thicker hearts - 
a greater estimated left ventricular mass than - 


were 18% (p = 0.0001), 20% (p = 0.0008) and 29% 
0002) greater, respectively, i in symptomatic pa- 


ed new or "worseni ning SOMOS At the end. f 
me | ‘ork Heart As: on f 


symptomatic. (18%) patients undecwent- subsequen 





aortic valve replacement. 

During follow-up, 32 of the 51 initially asymptomat- 
ic patients had serial Doppler evaluations (mean 15 + 
10 months between entry and last Doppler study). 
Twenty of these 32 patients were still asymptomatic 
upon completion of follow-up, and 12 (38%) had de- 
veloped symptoms. The mean increase in Doppler gra- 
dient was only 2 + 3 mm Hg among those who re- 


mained asymptomatic versus 20 + 5 mm Hgi in patients 


who developed symptoms (p = 0.007). - 

The all-cause and cause-specific mortality. data are 
listed in Table II. During the follow-up period, there 
were 15 deaths (38%) in the symptomatic | group (mean 
age 75 + 11, range 57 to 98] and all were cardiac in 
origin. Five of these 15 cardiac deaths were sudden; 
the mean age of this subset was 75 + 5 years. Symptom- 
atic patients who died tended to have lower entry left 


ventricular ejection fractions when compared. with | 


symptomatic patients who survived (0.48 + 0.14 vs 0.55 
+ 0.08, difference not significant), although this did not 
reach statistical significance. 

Eight deaths occurred in the initially asymptomatic 


population, but only 2 were deemed cardiac, and both 


were preceded by symptoms. Five of the 6 noncardiac 
deaths were due to malignancy and one was related 


to the Olser-Weber-Rendu syndrome. One of the 2 


deaths attributed to a possible cardiac cause was non- 
sudden, occurring 3 weeks after the onset of congestive 
heart failure in a 77-year-old man witha baseline ejec- 
tion fraction of 0.55 and Doppler gradient of 54 mm Hg. 
This patient, while hospitalized elsewhere for conges- 


tive heart. failure, fell out of bed and had 3 days of 


recurrent seizure activity before his death. No autopsy. 


was performed. The other patient was 76 years old; he = 
had an ejection fraction of 0.60 and a gradient of 52 — 


mm Hg. This patient died suddenly 24 months after 
study entry. Angina had developed several weeks be- 
fore his death. In addition, this patient was taking an 


antidepressant medication and had a known abdomi- 


nal aortic aneurysm. Two days before his death, he 


complained of nausea and abdominal pain. No post- 
‘mortem examination was performed to determine the 
. exact cause of death, and a ruptured aneurysm cannot 
be excluded. 


Kaplan-Meier survival plots for the initially asymp- 


tomatic and symptomatic groups are depicted in Fig- 
ure 2. Asymptomatic patients had a statistically better 
survival with respect to all-cause mortality, which in- 
cludes both cardiac and noncardiac death (p = 0.002). - | 
When only cardiac deaths are considered, this differ- 
ence is even. greater between the. symptomatic and | 

asymptomatic groups (p = 0. 0001). Survival. for the- 


asymptomatic population | was also greater than the- 
remo group when sudden death was evaluated 
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A2 Artic — — BP = : blood pressure; ECG = elecrocardogram; 2 2DE = = 2-dimensional echocardiogra-- 
phy; oe artroph: : net 





ness and mass, ejedónt. fraction, left — size), no 
additional differences between symptom status group - 





and mortality: were » demonstrated.» with: referenco to 
cardiac anc | 







| This prospective study w was iden Lon to examine 
the prognostic significance. of symptoms. in patients 


with moderate or severe valvular. AS. Because hemo- 


dynamic confirmation of the severity of AS is fre- - 
. quently lacking in asymptomatic patients, and because 


_ the transvalvular pressure gradient primarily deter- 


> 


nes the hemodynamic stress placed on the left ven- 











mm Hg Doppler-derived gradient. Our data dem- 


atients have a good prognosis during their "latent" 
iod; 





.age,an electrocardiographic strain pattern, greater left 
"entrodlar. size, wall thickness and mass and a lower 
left ventricular ejection fraction. | 

Phase 1: Accuracy of. continuous. wave Doppler 


| echocardiography: The introduction of Doppler echo- 


 cardiography by Hatle et al?! has created a unique | 


opportunity to add an objective method for assessing 


_ the severity of AS to the anatomical and physiological E 
2 data gained from bipes examination rand — Pru 


No Symptoms 
(n = 51) 


Age (yr) 63 + 19 72 & 11 0.01 
Range 21-84 59-98 
Male (96) 75 56 NS 
NYHA class 1.0 2.5 4: 0.8 p «0.0001 
5 100 5 
o 243 dj: 
139 + 20 142421 NS 
79 X 11 77 € 11 NS 
3.2407 3.1: 0.6 NS 
| ased or absent A2 (96) - 51 56 — NS 
Delayed carotid upstroke ( %) 39 44 NS 
Aortic regurgitation (96) 45 $30 NS 
Valve calcification (96) 53 BT NS 
-LVH by ECG or 2-DE (96 p 86 ^92 . NS 
-LVH with — ECG 0) 48 36 0.01 
| ial enlargem . 63 te ee 0.02 
Ejection fraction — D 63 + 0. n ^— 0.53: 0.11 dS 0.002 
Doppler gradient (rim Hoy 684 19 68 4* 19 B NS 
50-132 | 280-15. 


0.54 to 0.94) for peak. to peak catheter gradient: 


ents. Presently, most clinicians accept the accura 


— did eet — — E | 
olde ihe porsan 1 the S grontot the likelihood for from phase 1 in 101 consecutive symptomatic. pat 


support this. Moreover, it suggests that the nonin 


E identifying a cohort of patients with moderate 0 
vere AS. . 


rized data from 7. postmortem studies on the na’ 
history of AS. Most of these studies were retrospe 


ization techniques had not yet been developed, t 
. pooled data provided little supporting hemodyn: 
information. concerning the severity of AS. Bas 
their analysis, Ross and Braunwald observed tha 


le, we chose our patients based on the finding | ofa. 
ate that in adult. patients with AS, asymptomatic - 


, and are at low risk for cardiac or sudden death. 
resence of sym iptom. correlates with advanced - 









p Value 
































ed 187 pátiónta, NS an average r value of 0.85 (r 


0.86 (range 0.79 to 0. 92) for peak-instantaneous g 


continuous wave Doppler echocardiography for 
mating transvalvular- pressure gradients. Our í 


vely recorded gradients. in phase 2 were reliab 


Phase 2; Clinical outcome. and comparison. 
other studies: In 1968, Ross and Braunwald’ sum 


and published before 1955. Because cardiac cath 














Classification 








Symptomatic (n= (99) ^48 (38%) 15 (38%) 
. Asymptomatic (n: = Pus 8 (16%)* 2 (496)! 
Risk: — "S. n 9. 42 0. id 









years, and after left vontricular failure 
ps, survival was less than 2 years. Among pa- 
dying with AS, 15 to 20% of deaths were record- 
| sudden, and 65 to 80% of these sudden deaths 
curred in patients with a history of angina, syn- 
r heart failure. Ross and Braunwald concluded 
ly 3 to 5% of the deaths in acquired AS occurred 
enly in patients without symptoms. 

ore recently, 2 natural history studies that docu- 
the hemodynamic severity of valvular obstruc- 
"in 35 symptomatic patients with moderate or se- 
e AS have been reported? In these 2 series, the 
rage peak to peak catheter gradients were 49 + 23 
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by 5 years and 94% by 11 years. Sudden death oc- 
curred in 8 (34%) of these symptomatic patients. This 
high early mortality rate was also observed by Frank et 
al? and is similar to our observations. In our cohort of 
39 symptomatic patients with a mean transvalvular 
pressure gradient of 68 + 19 mm Hg, there were 15 
deaths (38%) at a mean follow-up of 12 months, and 5 
of these (13%] occurred suddenly. _ i 

. Because physicians may be reluctant to recom- 
mend cardiac catheterization in asymptomatic adult 
patients based on auscultatory findings alone, pro- 
spective data on these patients with hemodynamically 
confirmed moderate or severe AS are sparse. Indeed, 

at present only 11 such patients have been reported. 
In the study by Chizner et al,!? all 8 asymptomatic 
patients were younger than 30 (mean age 24 + 3), and 
9 of the 8 patients underwent aortic valve replace- 
ment during follow-up because of the development. of 
symptoms. No deaths occurred. In Frank's series,? 3 

asymptomatic patients (mean age 48 + 2) were fol- 
lowed for up to 6 years; 1 patient died suddenly 19 
months after cardiac catheterization. 

In our asymptomatic cohort of 51 patients, the phys- 
ical examination findings of significant AS were iden- 
tical to our symptomatic population. The mean age was 
63 + 19 years, and follow-up was 17 + 9 months, with a 
range up to 36 months. Actual follow-up was, in fact, 
longer because several patients with congenital AS 
had moderate to severe AS documented by cardiac 
catheterization 3 to 5 years before entry noninvasive 
evaluation. During follow-up, 41% of our initially 
asymptomatic patients developed symptoms, with dys- 
pnea being 2.5 times and 4.8 times more common than 
angina and syncope, respectively. In contrast to a 38% 
mortality i in symptomatic patients, only 2 asymptomat- v 
ic patients {3.9%} died of presumed cardiac cause. 
Both of these patients developed symptoms before 
death; no patient who remained asymptomatic died 
from cardiac cause. Sudden death occurred in 1 pa- 
tient, 24 months after study entry. Although this death 
was attributed to AS, the actual cause may have been 
due to a ruptured aneurysm. Even so, this 2% sudden 
death rate does not exceed the frequently quoted 5 





to 8% operative mortality for isolated aortic valve 


replacement,”*6 although 1 recent report?” indicates 
that with improved surgicai techniques operative mor- 
tality may be as low as 1% in patients younger than 
70 who receive aortic valve replacement electively. 
Moreover, asymptomatic patients who undergo aortic 
valve replacement are subject to the morbidity asso- 
ciated with prosthetic valves including a 2 to 3% annu- 
al incidence of thromboembolism with mechanical 
valves” and a 20% incidence of reoperation in porcine 
heterografts within 8 years because of tissue valve 








. Valvular- — S is E op an insidiously 
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."Jatent" period, the left ventricle compensates and 
.. maintains systolic myocardial function by undergoing 
`` concentric hypertrophy, increasing both wall thick- 
-< ness and myocardial mass.*° After as yet an undefined 
. number of years of chronic pressure overload, left 
. ventricular compensation may become inadequate for 
this increased pressure load. At this point, “afterload 
mismatch" develops, and ventricular performance de- 
teriorates.*! Typically, this is associated with a de- 
crease in stroke volume, cardiac output and ejection 
fraction, and the development of symptoms of angina 
pectoris, effort syncope and dyspnea.?? 
| We found that symptomatic patients were older, 
had lower left ventricular ejection fractions, greater 
left ventricular mass and a higher prevalence of left 
entricular strain and left atrial enlargement relative 
_. to asymptomatic subjects. The reduced ventricular 
. function seen in these symptomatic patients with 
_ thicker hearts and more left ventricular strain may be 
due to subendocardial ischemia, even in the absence 
of coronary artery disease. Although unproven, pre- 
liminary data suggest that left ventricular hypertrophy 
and a high peak systolic pressure gradient may have an 
additive, detrimental effect on nutrient blood flow re- 
serve and secondarily, on ventricular function.” Un- 
fortunately, the issue of concomitant coronary artery 
. disease could not be addressed in this study, because 
ardiac catheterization was only performed in few 
viduals. 
is possible that the symptomatic patients with 
paired left ventricular systolic function had more 
;; re AS than their asymptomatic counterparts, de- 
_ spite having similar Doppler gradients and clinical 
- and auscultatory evidence of hemodynamically signif- 
icant valvular stenosis. Because the transvalvular aor- 
tic gradient is dependent on left ventricular function 
and cardiac output, the Doppler-derived aortic gradi- 
ent may underestimate the severity of aortic valve nar- 
rowing in symptomatic patients with impaired ventric- 
-. ular function. | | PP 
— .. Surgical intervention in aortic stenosis: In the past, 
surgical intervention has been recommended for pa- 
tients with AS who have transvalvular pressure gradi- 
ents of 250 mm Hg to prevent deterioration in left 
ventricular function, to forestall the development of 
.. irreversible heart muscle disease and to increase long- 
. term survival by preventing sudden death. Little pro- 
spective data are available, however, to support this 
recommendation in asymptomatic subjects. 

In patients with AS and symptoms, successful aortic 
valve replacement typically results in significant clini- 
cal and hemodynamic improvement and prolonged 
survival, provided no significant perioperative myo- 
cardial damage occurs.’:526.34-39 Moreover, recent 

_ studies have shown that ventricular dysfunction, even 
when advanced, is reversible after aortic valve re- 
cement.*638 [n 1 study, Croke et al** reported a re- 
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orifice size. During this silent or ic 


ntricular volumes  : 















Se. 
dimension was half et a 
ejection fraction increased from an average 
(range 0 to 20%) preoperatively, to 45% (rang 
75%) postoperatively. Such patients often show 
provement in New York Heart Association fun 
class to class I or II.Sbas After surgery, left ve 
lar hypertrophy and mass also regress towar: 
mal,9+35 and this may have an additional ber 
effect on coronary blood flow reserve. | 

Clinical implications: Our data show that ; 
tomatic adult patients with moderate to sev 
have a good prognosis, particularly if serial D 
shows no increase in their transvalvular gradient 
ing their "latent period” and are at low risk for ca 
or sudden death. Based on these findings, it s 
reasonable to recommend that the asymptomati 
tient be followed medically until symptoms dev 
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*CAPOTEN? (captopril tablets) may be used as initial therapy only for patients with normal renal function in whom the 
risk of neutropenia/agranulocytosis is relatively low (1 out of over 8,600 in clinical trials). Use special precautions in e 
patients with impaired renal function, collagen vascular disorders, or those exposed to other drugs known to affect the 
white cells or immune nse. Evaluation of hypertensives should always include assessment of renal function. 
Overall, the most frequently occurring adverse reactions associated with CAPOTEN are skin rash and taste alteration; 
both effects are — mild, reversible, or self-limited. See INDICATIONS AND USAGE, WARNINGS, and ADVERSE 
REACTIONS in the brief: summary on the adjacent page. 


1. Croog SH, Levine S, Testa MA, et al: The effects of antihypertensive therapy on the quality of life. N Engl J Med 
314(26):1657-1664, 1986. 
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TEN* TABLETS 
opril Tablets 


CATIONS: Hypertension —CAPOTEN (captopril) is indicated for the treat- 
f hypertension. Consideration should be given to the risk of neutropenia/ 
nulocytosis (see WARNINGS), CAPOTEN may be used as initial therapy for 
tients with normal renal function, in whom the risk is relatively low. In patients with 
paired renal function, particularly those with collagen vascular disease, captopril 
ld be reserved for those who have either developed unacceptable side effects on 
ther drugs, or have failed to respond satisfactorily to drug combinations. CAPOTEN is 
ive alone and in combination with other antihypertensive agents, especially thiazide- 
diuretics. 


leart Failure: CAPOTEN (captopril) is indicated in patients with heart failure who 
ve not responded adequately to or cannot be controlled by conventional diuretic and 
lis therapy. CAPOTEN is to be used with diuretics and digitalis. 


TRAINDICATIONS: CAPOTEN is contraindicated in patients who are hyper- 


sitive to this product. 


t clinical trials in patients with hypertension who have normal renal function (serum 
creatinine less than L6 mg/dL and no collagen vascular disease), neutropenia has been 
seen in one patient out of over 8,600 exposed. In patients with some degree of renal 
ure (serum creatinine at least 1.6 mg/dL.) but no collagen vascular disease, the risk 
iri clinical trials was about | per 500. Doses were relatively high in these patients, par- 
ticularly in view of their diminished renal function. In patients with collagen vascular 
liseases (e.g., systemic lupus erythematosus, scleroderma) and impaired renal func- 
on, neutropenia occurred in 3.7% of patients in clinical trials. While none of the over 
0 patients in formal clinical trials of heart failure developed neutropenia, it has 
eccurred during the subsequent clinical experience. Of reported cases, about half had 
serum creatinine = 1.6 mg/dL and more than 7596 received procainamide. In heart 
failure, it appears that the same risk factors for neutropenia are present. 


leutropenia has appeared usually within 3 months after starting therapy, associated 
ith myeloid hypoplasia and frequently accompanied by erythroid hypoplasia and de- 
sed numbers of megakaryocytes (e.g., hypoplastic bone marrow and pancytopenia); 
nemia and thrombocytopenta were sometimes seen. Neutrophils generally returned to 
ormal in about 2 weeks after captopril was discontinued, and serious infections were 
ited to clinically complex patients. About 13% of the cases of neutropenia have ended 
ally, but almost all fatalities were in patients with serious illness, having collagen 
ilar disease, renal failure, heart failure or immunosuppressant therapy, or a combi- 
‘on of these complicating factors, Evaluation of the hypertensive or heart failure 
tient should always include assessment of renal function. If captopril is used 
ents with impaired renal function, white blood cell and differential counts should 
€ evaluated prior to starting treatment and at approximately 2-week intervals for about 
nths, then periodically. fn patients with collagen vascular disease or who are ex- 
d to other drugs known to affect the white cells or immune response, particularly 
n there is impaired renal function, captopril should be used only after an assessment 
efit and risk, and then with caution. All patients treated with captopril should be 
report any signs of infection (e.g., sore throat, fever). If infection is suspected, 

white cell counts without delay. Since discontinuation of captopril and other 
igs has generally led to prompt return of the white count to normal, upon confirma- 
of neutropenia (neutrophil count ^ 1000/mm?) withdraw captopril and closely fol- 
ie patient's course. 


einuria: Total urinary proteins ^1 g per day were seen in about 0.7% of patients on 
captopril. About 90% of affected patients had evidence of prior renal disease or received 
high doses (7150 mg/day), or both. The nephrotic syndrome occurred in about one- 
fth of proteinuric patients. In most cases, proteinuria subsided or cleared within 
6 months whether or not captopril was continued. The BUN and creatinine were seldom 
altered in proteinuric patients. Since most cases of proteinuria occurred by the Bth 
nth of therapy with captopril, patients with prior renal disease or those receiving 
apitopril at doses --150 mg per day, should have urinary protein estimates (dip-stick on 
I ning urine) before therapy, and periodically thereafter. 


tension: Excessive hypotension was rarely seen in hypertensive patients but isa 
possibility in severely salt/volume-depleted persons such as those treated vi orously 
iuretics (see PRECAUTIONS [Drug fieseubn. In heart failure, where the 
pressure was either normal or low, transient decreases in mean blood pressure 20% 
te recorded in about half of the patients. This transient hypotension may occur after 
Í the first several doses and is usually well tolerated, although rarely it has been asso- 
ith arrhythmia or conduction defects. A starting dose of 6.25 or 12.5 mg tid may 
mize the hypotensive effect. Patients should be followed closely for the first 2 weeks 
reatment and whenever the dose of captopril and/or diuretic is increased. 


IECAUSE OF THE POTENTIAL FALL IN BLOOD PRESSURE IN THESE 
ENTS, THERAPY SHOULD BE STARTED UNDER VERY CLOSE 
SDICAL SUPERVISION, 


RECAUTIONS: General: Impaired Renal Function ~ Hypertension — Some hyper- 
ve patients with renal disease, particularly those with severe renal artery stenosis, 
àve developed increases in BUN and serum creatinine. It may be necessary to reduce 
iptopril dosage and/or discontinue diuretic. For some of these patients, normalization 
blood pressure and maintenance of adequate renal perfusion may not be possible, 
tart Failure — About 20% of patients develop stable elevations of BUN and serum 








nts, generally with severe preexisting renal disease, required discontinuation due 
rogressively increasing creatinine. See DOSAGE AND ADMINISTRATION, AD- 
RSE REACTIONS [Altered Laboratory Findings} Valeular Stenosis — A theoretical 
oncern, for risk of decreased coronary perfusion, has been noted regarding vasodilator 
ent in pues ts with aortic stenosis due to decreased afterload reduction. Surgery/ 
'522 — if hypotension occurs during surgery or anesthesia, and is considered due 
to the effects of captopril, it is correctable by volume expansion. 


i Interactions: Hypotension — Patients on Diuretic Therapy — Precipitous reduction 
of blood pressure may occasionally occur within the ist hour after administration of the 
itial of captopril dose in patients on diuretics, especially those recently placed on diuretics, 
ose on severe dietary salt restriction or dialysis. This possibility can be minimized 








by either gen UnuE the diuretic or increasing the salt intake about | week prior to 
initiation of captopril t erapy er by initiating therapy with small doses (6.25 or 12.5 mg). 
Aliernatively, provide medical supervision for at least 1 hour after the initial dose. 


Agents Havog Vasodilator Activity — In heart failure patients, vasodilators should be 
administered with caution. 


Agents Causing Renin Release — Captopril's effect will be augmented by antihypertensive 
agents that cause renin release. 


Agents Affecting Sympathetic Acireity ~ The sympathetic nervous system may be es- 
pecially important in supporting blood pressure in patients receiving captopril alone or 
with diuretics. Beta-adrenergic blocking drugs add some further antihypertensive effect 
to captopril, but the overall response is less than additive. Therefore, use agents affect- 
ing sympathetic activity (e.g., ganglionic blocking agents or adrenergic neuron blocking 
agents) with caution. 

Agents Increasing Serum Potassium — Give potassium-sparing diuretics or potassium 
supplements only for documented hypokalemia, and then with caution, since they may 
lead to a significant increase of serum potassium. Use potassium-containing salt substi- 
tutes with caution. 


Inhibuors of Endogenous Prostaglandin Synthesis — indomethacin and other nonsteroidal 
anti-inflam matory agents may reduce the antihypertensive effect af captopril, especially 
in low renin hypertension. 


Drug/Laboratory Test Interaction: Captopril may cause a false-positive urine test 
for acetone. 


Carcinogenesis, Mutagenesis and Impairment of Fertility: Two-year studies with 
doses of 50 to 1350 mg/kg/day in mice and rats failed to show any evidence of carcinogenic 
potential, Studies in rats have revealed no impairment of fertility. 


Pregnancy: Category C: There are no adequate and well-controlled studies in preg- 
nant women. Embryocidal effects and craniofacial malformations were observed in rab- 
bus. Therefore, captopril should be used during pregnancy, or for patients likely to 
become pregnant, only if the potential benefit outweighs the potential risk to the fetus. 
Captopril crosses the human placenta. 


Nursing Mothers: Captopril is secreted in human milk. Exercise caution when ad- 
ministering Captopril toa nursing woman, and, in general, nursing should be interrupted. 


Pediatric Use: Safety and effectiveness in children have not been established although 
there is limited experience with use of captopril in children from 2 months to 15 years of 
age. Dosage, on a weight basis, was comparable to that used in adults. CAPOTEN 
(captopril) should be used in children only if other measures for controlling blood pres- 
sure have not been effective. 


ADVERSE REACTIONS: Reported incidences are based on clinical trials involving 
approximately 7000 patients. 


Renal — About 1 of 100 patients developed proteinuria ‘see WARNINGS). Renal ins 
safficiency, renal failure, polyuria, oliguria, and urinary frequency in | to 2 of 1000 patents. ^ 


Hematologie -- Neutropenia/agranulocytosis has occurred (see WARNINGS). Ane- 
mia, thrombocytopenia, and pancytopenia have been reported. 


Dermatologic — Rash, (usually maculopapular, rarely urticarial}, often with pruritus, 
and sometimes with fever and eosinophilia, in about 4 to 7 of 100 patients (depending on 
renal status and dose), usually during the Ist 4 weeks of therapy. Pruritus, without rash, 
in about 2 of 100 patients. A reversible associated pemphigoid-like lesion, and 
photosensitivity, have also been reported. Angioedema of the face, mucous membranes 
of the mouth, or of the extremities in about 1 of 1000 patients — reversible on discontin- 
uance of captopril rherapy. One case of laryngeal edema has been reported. Fiushing or 
pallor in 2 to 5 of 1000 patients. 


Cardiovascular — Hypotension may occur; see WARNINGS and PRECAUTIONS. 
[Dru Interactions] for discussion of hypotension on initiation of captopril therapy. 
achycardia, chest pain, and palpitations each in about 1 of 100 patients. Angina pectoris, 
myocardial infarction, Raynaud's syndrome, and congestive heart failure each in 2 to 3 
of 1000 pauents. 


Dysgeusia — Approximately 2 to 4 (depending on renal status and dose) of 100 patients 
developed a diminution or loss of taste perception; taste impairment is reversible and 
usually self-limited even with continued drug use (2 to 3 months). Gastric irritation, 
abdominal pain, nausea, vomiting, diarrhea, anorexia, constipation, aphthous ulcers, 
peptic ulcer, dizziness, headache, malaise, fatigue, insomnia, dry mouth, dyspnea, cough, 
alopecia, paresthesias reported in about 0.5 to 2% of patients but did not appear at in- 
creased frequency compared to placebo or other treatments used in controlled trials. 


Altered Laboratory Findings: Elevations of liver enzymes in a few patients although 
no causal relationship has been established. Rarely cholestatic jaundice, and hepatocellular 
injury with or without secondary cholestasis, have been reported. A transient elevation 
of BUN and serum creatinine may occur, especially in volume-depleted or renovascular 
hypertension patients. In instances of rapid reduction of longstanding or severely ele- 
vated blood pressure, the glomerular filtration rate may decrease transiently, also resulting 
in transient rises in serum creatinine and BUN. Small increases in serum potassium 
concentration frequently occur, especially in patients with renal impairment (see 
PRECAUTIONS). 

OVERDOSAGE: Primary concern is correction of hypotension. Volume expansion 
with an LV, infusion of normal saline is the treatment of choice for restoration of blood 
pressure. Captopril may be removed from the general circulation by hemodialysis, 
DOSAGE AND ADMINISTRATION: CAPOTEN (captopril) should be taken one 
hour before meals. In hypertension, CAPOTEN may be dosed bid or tid. Dosage must 
be individualized; see DOSAGE AND ADMINISTRATION section of package insert 
for detailed information regarding dosage in hypertension and in heart failure. Because 
CAPOTEN (captopril) is excreted primarily by the kidneys, dosage adjustments are 
recommended for patients with impaired renal function. 


Consult package insert before prescribing CAPOTEN (captopril). 
HOW SUPPLIED: Available in tablets of 12.5, 25, 50, and 100 mg in bottles of 100 (25 
mg and 50 mg also available in bottles of 1000), and in UNIMATIC * unit-dose packs of 
100 tablets. (13-658D) 
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ischemia kills more people in one day 


This year, nearly 1,000 people 
will be killed by handguns. * But 
in the next day alone, over 1,000 
people will be killed by ischemia. 
Tomorrow, another 1,000. And by 
the time the year is out, over 

1 one-half million lives will have 
been taken by the disease.” 

Is there anything you can do to 
prevent this? 

Yes. You can monitor patients 
for ischemia. Because detection of 
the disease is the necessary first 
step in treating it. 

For too long now, physicians 
have had to rely on a single day 
of Holter monitoring to uncover 
ischemia. But because of the day- 
to-day variability of the disease, a 

"single day of monitoring is simply 
inadequate. A recent study has 
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now determined that you must 
monitor for no less than 48 hours to 
ensure an accurate assessment of 
the severity of ischemia." 

That is why, for optimal manage- 
ment of ischemia, physicians need 
to assess the ongoing cardiac 
condition with a multi-day cardiac 
monitor. 

A monitor that can be worn 
comfortably by a patient for up to 
eight days, virtually artifact-free. 

A monitor that can produce thorough, 
understandable cardiac reporting in 
a matter of minutes, without tapes, 
technicians, or an expensive base 
station. A monitor that is clinically 
validated for detecting ST depres- 
sion—100% sensitive and 92% 
specific. t 


Q-Med knows what is needed 









for optimal management of ischemia 
because Q-Med has engineered the 
optimal ischemia monitor— Monitor 
One TC"... now in two channels. 

If you are serious about con- 
fronting ischemia, think about this: 
In the minute it takes you to read 
this page, someone will die from 
ischemia. Shouldn't you be using 
the best technology available to 
manage it? 

For more information, call 
1-800-237-2039. (In New Jersey, 
call collect, 201-381-6880.) 


References: !. Data on file, Q-Med, Inc. 2. National Center for Health 
Statistics: Annual summary of births, marriages, divorces, and deaths, 
United States, 1985. Monthly Vital Statistics Report, US Dept of Health 
and Human Services publication No. (PHS) 86-1120. Hyattsville, Md, 
Public Health Service, Sept 19, 1986, p 21. 3. Tzivoni D, Gavish A, Keren 
A, et al: Day-to-day variations of ischemic changes on Holter monitor- 
ing, abstracted. Circulation 1986;74(suppl II):1I-507 


*Figure based on average yearly homicides by handgun, 1979-1984 


tClinically validated at Harvard University, University of California, San 
Francisco, and the Hallstrom Institute of Cardiology. University of 
Sydney, Australia 


monitor one TC 

















(9 Hydrochlorothiazide augments the 
antihypertensive effect of enalapril. - 


(3 Enalapril tends to reverse the s 
potassium loss often associated 
with hydrochlorothiazide. 





Ø Highly effective in adults, regardless — 
of age or race* 













This fixed-dose combination is not indicated for initial therapy. Patients already receiving a diuretic 
when enalapril is initiated or given a diuretic and enalapril simultaneously can develop symptomatic 
hypotension. In the initial titration of the individual entities, it is important, if possible, to stop the diuretic 
for several days before starting enalapril or, if this is not possible, to begin enalapri. at a low initial dose 
(2.5 mg; see DOSAGE AND ADMINISTRATION). This fixed-dose combination is not suitable for 
eg DUE may be substituted for the individual components if the titrated doses are the same as those 
in the combination. 


VASERETIC, containing 10 mg enalapril maleate and 25 mg hydrochlorothiazide, is contraindicated in, 
patients who are hypersensitive to any component of this product. Because of the hydrochlorothiazide 
component, this product is contraindicated in patients with anuria or hypersensitivity to other 
sulfonamide-derived drugs. 


Evaluaticn of the hypertensive patient should always include assessment of renal function. 


"Although enalapril was antihypertensive in all races studied, black hypertensive patients (usually a 
low-renin hypertensive population) had a smaller average response to enalapril maleate monotherapy 
than non-black patients. In contrast, hydrochlorothiazide was more effective in black patients than 
enalapril. Concomitant administration of enalapril maleate and hydrochlorothiazide was equally eff 
in black and non-black patients. 








PT f INHIBITOR | - 











(Enalapril 


lixed-dose combination is not indicated for initial therapy. Patients 
receiving a diuretic when enalapril is initiated, or given a diuretic 
tatapril simultaneously, can develop symptomatic hypotension. in the 
titration of the individual entities. it is important, if possible, ta sto 

iuretic for several days —S blag ty t, if this is not poss 




































































































tgin enalapril ala iow initial dose (see DOSAGE AND ADMINISTRA- 

in complete Prescribing Information). This lixed-dose combination is 

bie for titration but may be substituted for the individual compo- 
titrated doses are the same as those in the combination. 


iC® (Enalapril Maleate-Hydrochlorothiazide, MSD) is contraindi- 
patients who ate hypersensitive te any component of this product. 
of the hydrochiorothiazide component, this product is contraindi- 
patients with anuria or hypersensitivity to other sulfonamide-derived 


fpitension: Excessive hypotension was rarely seen in uncomplicated 
ertensive patients but is a possible consequence of enalapri use in 
fy sall-volume-depleted persons. such as those treated vigorously with 
relics of patients on dialysis. Syncope has been reported in {2% of 
jtients recewing VASERETIC. in patients receiving enalapril alone. the me 
nce of syncope is 0.5%. The overall incidence of syncope may be reduced 
oper titration of the individual components (see PRECAUTIONS. Drug 
factions, ADVERSE REACTIONS: and DOSAGE AND ADMINISTRATION in 
implete Prescribing Information). in patients with severe congestive hear! 
re. with pr without associated renal insufficiency, excessive hypotension 
n observed and may be associated with oliguria and. or progressive 
hia and rarely with acute renal fatture and. or death. Because c! the 
tal fall in blood pressure in these patients. therapy should be started 
ry cigse medical supervision. Such patients should be followed 
y for the first lwo weeks of treatment and whenever the dose of enatapril 
iuretic is increased. 
otension occurs, the patient should be placed in a supine position and. il 
sary. receive an intravenous infusion of normal saline. A Transient bypo- 
sponse is not a contraindication to further doses, which usually can 
without difficulty once the blood pressure has mcreased alter volume 
n. 
ema: Angioedema of the face. extremities. lips, tongue. glottis, and/ 
nx has been reported in patients treated with angiotensin-converting- 
ie inhibitors, including enalapril. in such cases, VASERETIC should be 
omptly discontinued and the patient carefully observed until the swelling 
Sappears. In instances where swelling has been confined to the face and lips 
Condition has generally resolved without treatment. although antihista- 
ines have been usetul in retieving symptoms. Anginedema associated with 
ngeal edema may be fatal. Where there is involvement of the Ipague, 
, OF larynx, likely to cause airway —— tens een. 
Subcutaneous epinephrine solution 1:1000 (0.3 mi. to 0.5 mL) should 
(omplly administered (see ADVERSE REACTIONS). 
openia;Agranulocytosis: Another angictensin-converting-enzyme 
oy has been shown to cause agranulocytosis and hone marrow denres- 
arely.in uncomplicated patients but more frequently in patients with 
Hal impaument, especially if they also ^ave a collagen vascular disease. 
bie data from clinical trials of enalapril are insufficient to show that enat- 
pes fot cause agranulocytosis at similar rates. Foreign marketing expe- 
has revealed several cases of neutropenia or agranulocytosis in which a 
usal relationship to enalapril cannot be excluded. Periodic monitoring al 
Wte-blood cell counts in patients with collagen vascular disease and renal 
Sease shouid be considered. 
lorothiazide: Thiazides shoutd be used with caution in severe renal 
disease. In patients with renal disease, thiazides may precipitate azotemia. 
utnulative elfects of the drug may develop in patients with impaired renal 


iazides should be used with Caution in patients with impaired hepatic tune- 

‘progressive liver disease, since minor alterations of fluid and electro- 

fice may precipitate hepatic cama. 

Sensitivity reactions may occur in patients with or without a history otaliergy 
bronchial asthma. 

possibility of exacerbation or achvation af systemic lupus erythematesus 

en reported. 

Lithium generally should not be given with thiazides (see PRECAUTIONS, 

ug Interactions: Hyerochiorathiazide?. 
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ECAUTIONS 
eral: Enalapril Maleate: impaired Renal Function: As a consequence of 
fig the renin-angiotensin-aldasterone system. changes in renal ong- 
Ray be anticipated in susceptible individuals. in patients with severe can- 
: heart failure whose renal function may depend on the activity of the 
HA-angiotensm-aldosterone system. treatinent with angiotensin-cenvert- 
Ag-enzyme inhibitors, including enalapril. may be associated with otiguria 
Gpr progressive azotemia and rarely with acute renal failure and.or death 
inical studies in hypertensive patients with unilateral or bilateral renal 
| stenosis. increases in blood urea nitrogen and serum creatinine were 
observed in 20% of patients. These increases were almost always reversible 
iscontinuation of enalapril andor diuretic therapy. In such patients. 
nction should be monitored during the first few weeks of therapy. 
pertensive patients with no apparent pre-existing renal vascular dis- 
é developed increases in blood wes and serum creatinine. usually 
and transient. especially when enalapril has been given concomitantly 
a diaretic, This is more likely to occur in patients with pre-existirig renal 
iment. Dosage reduction of enalapéi and.or discontinuation of the 
“fay be required. Evaluation of the hypertensive patient should 
ys include assessment of renal function. 
rkalemia: Elevated serum potassium (greater than 57 mEqeL) was 
in approximately 1% of hypertensive patients in clinical trials treated 
april alone. in most cases. these were isolated values which rescived 
Continued therapy. although hyperkalemia was a cause af discontinua- 
herapy in G. 28% of hypertensive patients. Hyperkalemia was less Ire- 
pproximately 0.1%) in patients treated with enalaprii pius 
hierothiazide. Risk factors for the development of hyperkalemia may 
iat insufficiency. diabetes mellitus. and the concomitant use of 
treat hypokalema (see Drug Interactions). 
thesia. in patients undergoing major surgery or during anesthe- 
gents that produce hypotension, enalapril may block angiotensin Il 
secondary to compensatory renin release. 1$ hypotension occurs 
nsidered:to be due to this mechanism it can be corrected by volume 


leate-Hydrochlorothiazide |) 


parenteral Huts. Warning signs or symptoms of fluid and electrolyte 
imbatance. irrespective of cause. include dryness af mouth, thirst, weakness. 
lethargy. drowsiness. restlessness. muscle pains or cramps. muscular 
fatigue. hypotension. otiguria, tachycardia. and gastrointestinal disturbances 
Such as nausea and vomiting 





Although any chioraje deficit is generally mild and usually does not require 
specific treatment except under extraordinary circumstances (as in liver dis- 
ease or renal disease} chloride replacement may be required in the treatment 
of metabolic alkalosis. 

Ditutional hyponatremia may occur in edematous patients in hat weather: 
appropriate therapy is water restriction rather than administration of salt 
except in rare instances when the hyponatremia is iite-fhreatenmyg. (6 actual 
sail depietion, appropriate replacement is the therapy of choice. 
Hyperuricemia may occur or frank gout may be precipitated ia certain patients 
receiving thiazide therapy. 

in diabetic patients. dosage adjustments of insulin or oral hygogiycemic 
agents may be required. Hyperglycemia may occur with thiazide diuretics. 
Thus. latent diabetes mellitus may become manifest during thiazide therapy. 
The antihypertensive effects of the drug may tie enhanced in the pasteym- 
pathactomy patient. 

If progressive renal impairment becomes evident. consider withholding or 
discontinuing diuretic therapy. 

Thiazides have been shown ta increase the urinary excretion of magnesium. 
this may result in hypomagnesemia. 

Thiazides may decrease urinary calcium excretion. Thiazides may eause inter- 
mittent and shght elevation of serum calcium in the absence of known disor- 
ders of calcium metabolism. Marked hypercaicemia may be evidence of 
hidden hyperparathyroidism Thiazides should be discontinued betarecart y- 
ing out tests for parathyroid function, 


information for Patients: Angioedema: Angisedema, including laryrigesi 
edema. may occur especially following the first dose of enalapril. Patients 
should be so advised and told to report immediately any signs or symptoms 
suggesting anginedema {swelling af face, extremities. eyes. fips. Tongue and/ 
ar difficulty in breathing! and to lake no more drug unti they have consulted 
with the prescnbing physician. 


Hypotension: Patients should be cautioned to report lightheadedness espe- 
cially during the first few days of therapy. Hf actual syncope occurs, patients 
should be told to discontinue the drug until they have consulted with the pre- 
scribing physician, 

All patients should be cautioned that excessive perspiration and dehydration 
may lead to an excessive fali in blood pressure because of reduction in Huid 
volume. Other causes of volume depletion such as vomiting or diarrhea may 
aiso lead to a fati ii blood pressure: patients should be advised to consult with 
the physician. 


Hyperkalemia. Patients should be told not fo use salt substitules coniaining 
potassium without consaiting their physician 


Neutropenia: Patients should be told To report promptly any indication of 
infection (e.g. sore throat, leveri which may be a sign of neutropenia 

NOTE: As with many other drugs. certam advice to patients being treated with 
VASERETIC® (Enaiapri Maleate-Hydrochlorothiaede, MSD) is warranted 
This information is intended to aid in the sate and effective use of this medica- 
fon. His not a disclosure of afl possible adverse of intended effects. 


Drug Interactions: Eaalapril Maleate: Hypotension— Patients an Duete 
Therapy: Patients on diuretics and especially those in whom diuretic therapy 
was recently instituted may occasionally experience an excessive reduction af 
blood pressure affer initiation of therapy with enalapril, The possibility of 
hypotensive effects with enalapril can be minimized by either discontinuing 
the diuretic or increasing the salt intake prior to initiation of treatment with 
enalapril. H it is necessary to continue the diuretic, provide medical supervi- 
sion for af least one hour after the inifial dose (see WARNINGS and DOSAGE 
AND ADMINISTRATION) Agents Causing Benin Release. The antihyperten- 
sive effect of enalapril is augmented » antihypertensive agents that cause 
renin release (e.g. diuretics). Other Cardiovascular Agents: Enatapril has 
been used concomitantly with bela-adrenergic-blocking agents, methyidopa. 
nitrates, caicium-blocking agents, hydralazine, and prazas without evidence 
of clinically significant adverse interactions. Agents increasing Serum Potas- 
sium: Enalapril attenuates diuretic-induced potassium loss. Potassium-spar- 
ing diuretics ie.g.. sprronalactone. triamterene, or amilonde), potassium 
Supplements, or potassium-containing sali substitutes may lead to significant 
increases in serum potassium. Therefore, if concomitant use of these agents 
is indicated. they shouid be used with caution and with frequent monitocding of 
serum potassium. 


Hydrochlarothiazide: When administered concurrently the following drugs 
may interact with thiazide diuretics. Alcohol, barbiturates, of narcotics =- 
potentiation of orthostatic hypotension may occur. Antidiabetic Grugs (oral 
agents and insulin) —dosage adjustment of the antidiabetic drug may be 
required. Other antihypertensive drugs -additive effect or potentiation. Cor- 
ticosteroids, ACTH —intensitied electrolyte depletion, particularly hypakale- 
mia. Pressor amines (6.9. . norepinephrine} —oossibie decreased response to 
pressor amines but not sufficient to preciude their use. Skeletal musclerelax- 
ants. nondepolarizing (e g.. tubocurarine) possible increased responsive- 
ness 1o the muscle relaxant. Lithium—should not generally be given with 
diuretics Diuretic agents reduce the renal clearance af tithium and add a tugh 
risk of lithium toxicity. Refer to the package insert for lithium preparations 
belore use of such preparations with VASERETIC Novsteroidal anti-infiam- 
matory drugs---in some patients, the administration of a nonsteroidal anti- 
inflammatory agent can reduce the diuretic. natriuretic. and antihypertensive 
eftects of loop, polassium-sparing. and thiazide diuretics. Therefore, when 
VASERETIC and nonsteroidal anti-intiammatory agents are used concami- 
fantiy, the patient should be observed closely to determine if the desired eect 
a the diuretic is abtamed. 












There are no adequate and well-controlled studies in pregnant women. 
VASERETIC® (Enalapril Maleate-Hydrochiorsthiazide. MSO) should be used 
cones pregnancy only if the potential benefit justifies the potential risk to the 
etus. 


Hydrochlorothiazide: Thiazides cross the placental barrier and appear m cord 
blood, Nonteratagenic Effects: These may include fetal or neonatal jaundice. 
rompa plonga. and possibly other adverse reactions which have occurred 
in the adull 


Nursing Mothers: it is not known whether enalapril is secreted in human milk. 
however, thiazides do appear in human milk. Because df the potential for seri- 
ous reactions in nursing infants from hydrochiprothiazide, à decision should 
be made whether to discontinue nursing or ta discontinue VASERETIC. taking 
inta account the importance of the drug to the mother 


Pediatric Use: Safety and etfectiveness in chidren have aot been established 


ADVERSE REACTIONS 


VASERETIC has been evaluated for satety in more than 1,500 patients. meud- 
ing over 300 patients treated lor one year or more. 


ín clinical trials with VASERETIC. no adverse experiences peculiar to this com- 
bination drug have been observed. Adverse experiences that have occurred 
have been limited to those that have been previously reported with enalapril or 
hydrochtorothiazide. 


The most frequent clinical adverse experiences in controlled trials were: dizn- 


ness (8.6%), headache (5.5%), fatigue (3.9%). and cough (3.5%). Generally, 
adverse experiences were mid and transient in nature. 


Adverse expenences occurring in greater than 2". of patients treated with 
VASERETIC in controled clinical trials are shown below: 


Percent af Patients ia Controlled Studies 


VASEREÉ TIC Placebo 
inae 1.5800 [nx 2301 
incidence (discontinuationi incidence 
Dizziness 8.6(0.7) 4.3 
Headache 5.5(0.4) 91 
Fatigue gipa) 2.5 
Cough 3.5(0.4) 0.9 
Muscle Cramps 2.748. 2} 038 
Nausea 2.540. 4} 17 
Asthenia 2.463.353 n9 
Orthostatic Effects 2.348 t 00 
Impotence 22(0.5) 0.5 
fharrhea 2.40.4} t7 








Cimeai adverse experiences occurring in 6.5% 10 2.9% of patients in con- 
trolled trials included: Cardiovascular Syncope. orthostatic hypotension. pab 
lations. chest pain, tachycardia. Nervous System: Insomnia, nervousness. 
paresthesia, somnolence. vertigo Gastrointestinal System. Abdominal pain. 
vorniting. dyspepsia. constipation, flatulence, dry mouth Other: Dyspnea. 
gout. back pain. arthralgia. hyperhidrosis, pruritus. decreased libido. rash. 
tinnitus. urinary tract infection, Angigedema. Angigedema has been reported 
in patients receiving VASERETIC (0.6%). Angioedema associated with laryn- 
peal edema may be fatal. H angioedema of ihe face. extremities. fips. tongue: 
ginttis, and/or larynx accurs. treatment with VASERETIC should be discontin- 
ued and appropriate therapy instituted immediately (see WARNINGS): Hypa- 
tension Im clinical trials. adverse effects relating to hysgotension occurred as 
follows: hypotension (0.9%). orthastatic hypotension (1 5%). other ortho- 
static effects (2.3%). in addition. syncope occurred in 1.3% of patients (see 
WARNINGS}. 


Clinical Laboratory Test Findings: Serum Electrolytes: See PRECAUTIONS. 
Creatinine. Blood Urea Nitrogen: in controlled clinical mais, minor increases 
in blood urea nitrogen and serum creatinine, reversible upon discontinuation 
of therapy. were observed in about 0.6% of patients wth essential hyperten- 
sion treated with VASERETIC. More marked increases have been reparted in 
other enalapal experience. increases are more likely to occur in patients with 
renal artery stenosis isee PRECAUTIONS). Serum Unc Arg, Glucose, Mag- 
nesium. and Calcium: See PRECAUTIONS. Hemogiobin and Hematocrit: 
Small decreases in hemogiobin and hemalocrit (mean decreases of approxi- 
mately 0.3 g % and 1.9 val %. respectively) occur frequently m hypertensive 
patients treatec with VASERETIC but are rarely of clinical importance unless 
another cause of anemia coexists. in clinical trials. less than 0.1% of patients 
discontinued therapy due to anemia. Other (Causal Relationship Unknown) 
Rarely, elevations of liver enzymes andor serum Diliruberi have occurred. 


Other adverse reactions that have been reported with the individual compo- 
nents are listed below Enalapril Maleate --Enalapril has been evaluated for 
safety in more than 10. 000 patients. in clinical trials, acverse reactions which 
occurred with enalaprii were also seen with VASERETIC However since enata- 
pri has been marketed. the following adverse reactions have been reported: 
Renal: Renal dystunction. renal laure, aligutia: Hematologic. Rare cases of 
neutropenia, thrombocytopenia. and bone marrow depression have been 
reported in which à causal relationship te enalapril cannot be excluded. 
Hydrochiorothiazige —Body as a Whole: Weakness, Digestive: Anorexia, gas- 
tric irritation, cramping. jaundice (intrahepatic cholestatic jaurehce). panere- ^ 
alitis, staladenitis: Hematologic: Leukapenia. agranulocytosis. 


thrombocytopenia, aplastic anemia, hemolytic anemia. Musculoskeletal: < 


Muscle spasm: Nervous System/Psychiatric: Restiessness. Special Senses”: 


Transient blurred vision. xanthopsia: Hypersensitivity, Purpura, photosensi- — . 


tivity, urticaria, necrotizing angiitis {vasculitis and cutangous vasculitis). 
fever, respiratory distress including pneumonitis and pelmanary edema, ana- 
phylactic reactions. 


HOW SUPPLIED. 


No. 3418-— Tablets VASERETIC 10-25, are red, squared capsule-shaped. com- 
pressed tablets. coded MSD 720 on one side and VASERETIC on the other 
Fach tablet contains 10 mg enalapril maleate and 25 mg hydrochtorothiazide. 
They are supplied as follows: 


NDE 0006-0720-68 batties of 100 (with desiccant). 
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- Cor — used echocardic ographic criteria for mitral 
valve prolapse (MVP) include a sizable proportion 
of persons whose hearts are normal. Nevertheless, 
the echocardiogram is generally used as an inde- 
- pendent standard for the diagnosis of MVP despite 
lack of consensus on the criteria to be used and the 
. probability of interobserver variability. Conversely, 
here is a t relatively uniform consensus that classic 
u Sign: establish the —— ter of MVP. 




















jnostic ai latory sign: were studied pro- 
specti jely to compare those patterns with criteria 
commonly used for the echocardiographic diagnosis 
of MVP and to determine interobserver variability in 
echocardiographic interpretation. Eighty patients 
(54%) had a classic mid- to late systolic click or 
an apical late systolic murmur, or both. Eleven pa- 


tients (7%) had the apical holosystolic murmur of 
















nnotes a disease of the mitral apparatus, diagnostic 
teria should be relatively specific. Commonly used 
lependent echocardiographic criteria include an 
acceptably high percent of persons with normal 
sarts!4 and are often confounded by interobserver 
. variability in interpretation, underscoring the need for 
<- reanalysis and revision of standards based on the 
.. echocardiogram. The use of specific but less sensitive 
-< criteria is defensible because the risk of complications 
.. in potentially overlooked patients with mild MVP is 
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. Reassessment of Echocardiographic Criteria 
for Dia gnosis of Mitral Valve Prolapse 


location of. leaflet coaptation relative to the pre- 


) ecause the term “mitral valve prolapse’ (MVP) negligible and is a small price to pay for avoiding 


mitral regurgitation with no discernible clinical or 
echocardiographic cause other than the c e 
ation of MVP. Doppler echocardiography was pe 
formed in 80 of the 148 patients. The degree of 
perior systolic b bowing of each mitral leaflet and. 





sumed plane of the mitral anulus were graded. 
apical 4-chamber and parasternal long-axis viev 
The only patterns. absolutely specific for auscult 
tory MVP were: severe bowing of the anterior or 
posterior leaflet; coaptation of leaflets on the left 
atrial side of the anular plane; moderate to sever 
Doppler mitral regurgitation accompanied by am 
degree of leaflet bowing; and mild Doppler mitra 
gurgitation acc mpanied by moderate bowing of 
leaflet. These echocardiographic patterns were re 
tively insen: itive in predicting auscultatory MVP, 

reliance on them avoids the misdiagnosis of MVP 


normal hearts. 
(Am J Cardiol 1988; 61:131— 














label of heart disease in normal persons. 
There is a relatively uniform consensus that cl: 
unequivocal auscultatory signs establish the diagno 
of MVP beyond reasonable doubt.97 Accordingly 
undertook a prospective study of 148 patients refe 
to the echocardiography laboratory with known or 
pected MVP defined as a primary disorder of the 
tral apparatus characterized by abnormal superior 
tolic displacement of the bellies of the leaflet or | 
lets into the left atrium. Cardiac physical examinat 
were performed in the laboratory at the time the e 
cardiograms were recorded. Our objectives 
4-fold: to establish the echocardiographic pa 
that coincided with diagnostic auscultatory 



















































V= left ventricle; RA = = = right atrium; RV = right ventricle. 
s interobserver variability in echocardiographic 


Protocol: Patterns of systolic mitral leaflet motion 
| the end-systolic location of the coaptation point 
re analyzed in 59 men and 89 women referred to 
laboratory for evaluation of known or suspected 
Patients with prior myocardial infarction or 
wn evidence of coronary artery disease, mitral 
2 disease other than suspected mitral valve pro- 
> or any type of cardiomyopathy were excluded. 
e men were aged 17 to 70 years (average 40] and the 
men were aged 19 to 85 years (average 40). Each 
ient was examined by 2 cardiologists at the time of 
\ocardiographic study. Auscultatory signs of MVP 
re an unequivocal mobile mid- to late systolic 
(s) or a late systolic murmur over the left ventricu- 
impulse at rest or in response to physical maneu- 
s, or both. These signs were used as the diagnostic 
dard against which echocardiographic findings 
assessed. A consensus was established for each 
ient. 

Echocardiographic and Doppler examination: 
hocardiographic examinations used standard 
niques with commercially available, real-time, 
d-array imaging systems. Images were recorded 


by frame. Mitral valve motion was analyzed i in 
rasternal long-axis and apical 4-chamber views. 
taneous pulsed Doppler echocardiographic ex- 
T tion was E. in 80 EX M 





d. Apical 4-chamber views are o illustrated — patisnia with A 
at ni on the left ventricular side of the anulus; B, moderate bowing of the posterior leaflet with mild bowing of the anterior leafiet with 
ation at the level of the anulus; and C, severe bowing of both leaflets with coaptation on the left atrial side of the anulus. LA = left atri- 


-inch videotape for analysis in real-time and 





, mild bowing of the — and posterior mitral valve leaflets with 


apical 4-chamber views. Designations were as follows: 
entire leaflet inferior to level of mitral anulus (on the 
left ventricular side} = inferior; belly of leaflet at level 
of anulus = flat; mild, moderate or severe bowing of a 
leaflet superior to the anulus (into the left atrium) = 
mild, moderate or severe, respectively (Figure 1). The 
location of the coaptation point was characterized as 
lying on the left ventricular side of the anular plane, at 
the level of the anular plane or on the left atrial side of 
the anular plane. 
Initially, to assess interobserver variability in echo- . 
cardiographic interpretations, 2conventions(A and B) - 
for grading superior systolic displacement in terms of. 
leaflet bowing and level of leaflet coaptation point 
were chosen. The grading system was from 0 to 3+ for 
each convention and the following criteria were used 
for convention A: no leaflet bowing = 0; leaflet coapta- 
tion on the left ventricular side of, at the level of and on 
the left atrial side of the anular plane with any degree 
of leaflet bowing = 1+, 2+ and 3+ superior systolic — 
displacement, respectively. For convention B, mild or — 
no bowing of leaflets with coaptation on the left ven- ` 
tricular side of the anular plane = 0; mild leaflet bow- ~ 
ing and coaptation at the level of the anulus or moder- — 
ate leaflet bowing and coaptation on the left ventricu- 
lar side of the anulus = 1+; moderate bowing with - 
coaptation at the level of the anulus = 2+: and severe ^. 
leaflet bowing or leaflet coaptation on the left atrial T 
side of the anular plane, or both = 3+. x 
Doppler echocardiograms established the presence 
of mitral regurgitation (MR) using mapping criteria 
based on depth and width of systolic flow distur- - 
bances.?-*? Mitral regurgitation (MR) was graded as 
mild when the flow Eid was s localized 








pe ed à 































































Convention A 
(Coaptation Point Emphasis) (Leaflet Bowing Emphasis) 

Ausc 0 1+ 2+ 3+ 0 1+ 2+ 3+ 
MVP+(n= 80) — 27% 38% 27* 8% 64% 16% 11% 9% 
HSM(nz 11) ^ 99; 0% 64% 279* 9% 9% 27% 559 
MVP- (n = 9n 64% 18% 18% 0% 80% 11% 9% 0% 





Ausc = * auscultatory findings; HSM = holosystolic murmur; MVP+ = 
ent. 


auscultatory MVF ab 





. dist — was s well dispersed a and detected at the 






CIE e positions ot both led | " ünd. their coaptation 
— points were imaged satisfactorily in all but 4 patients. 
Thus, of 888 potential pieces "of data for 148 patients 
(148 X 6) regarding - leaflet and coaptation positions, - 
880 independent pieces of data form the basis of this 
i analysis. | 
-.. Analysis of convention. A versus. convention B: 
oserver agreement in distinguishing 
p esi nce or absence of superior systolic 
107 patients (72%) for convention A - 
5») with convention B. Interobserver 
grading degree of superior systolic dis- 
S soda in a Fl a and 85 — 


















E and 39 patients S 2672) 2d Ge a by: 2 sik ws in 
= 14 (9%) and 23 patients (16%) for conventions A and B, 
` respectively. Twice as many echocardiograms were 
- classified as normal using convention B rather than 
< convention A.  . 
| Echocardiographic. readings for each patient were 
en converted into a consensus. If the readings dis- 
ed by 1 grade, the less abnormal grade was used. If 
were disagreements by 2 grades, the intermedi- 
ade was chosen. — 

ultatory mitral valve prolapse: Unequivocal 
f auscultatory MVP were present (MVP+) in 
80. of. 148) of our patients. An apical systolic. 
(s) and a late systolic murmur were present in 58% 
80); 30% (24 of 80) had an apical systolic click(s) 
no murmur; and 13% (10 of 80) had a crescendo 
apical late systolic murmur but no click(s). In 39% (57 
of 148 patients), auscultatory signs were considered 
'- normal or insignificant. The apical holosystolic mur- 
mur of MR with no discernible clinical cause other 
than the consideration of MVP was present in 7% (11 
148) panoni who were SPOTE as a separate 























-tolic displacement in more patients with auscul 

` MVP (true positives), but it also detected superio 
tolic displacement more often in those without at 
systolic displacement than convention B. In the 1 
: systolic displacement. and the majority (91% for 
vention A and 82%. for convention B) had 2+ or 
tients with auscultatory MV 


rior leaflet bowingi inat least i view, and 25% (200 


only 1 view, bowing was much more frequent in 


patient with. an apical holosystolic murmur. 


Convention B 





— 
— 


auscultatory MVP present; MVP— 


B (leaflet. — emphasis] (Table I]. Of the 5 
tients without auscultatory MVP, 36% had sup 
systolic displacement using convention A and 20° 
ing convention B. Convention A detected superio 


tatory MVP (false positives). Thus, convention A 
more sensitive but less specific in detecting supe 


tients with holosystolic murmurs, all but 1 had su; 





superior systolic displacement. 
Systolic bowing of anterior mitral leaflet: Of 
i 73% (58 of 80) had 





5: 


had bowing i in both views (Table I). When preser 
apical. 4-chamber view than in the parasternal k 
axis view. Of patients without auscultatory MVP, b 


ing of the anterior leaflet, usually mild, was prese 
32%. Severe anterior leaflet bowing was confined 


TABLE " Anterior Leatiet Bowing 


MVP+ 


LAX only 3. 0 0 
4C only 31 (4 0 35 
Both same 10 EE 0 13. 
Both dift 0 7 0 EG 
Total E | 58 (73 
LAX only | 1 50 0 1 
4Conly — 1 0 0 1 
Both same 0 1 1 2 
Both diff 9 3 0 3 
Total — 7 (64 
MVP-— E: 
LAX oniy 1 0 0 1 
4C only 8 1 0 10 © 
Both same 3 "4 0 ü 
| 0 3 0 


































! viations as in Table n. 


stolic bowing of posterior mitral leaflet: Of pa- 
vith auscultatory MVP, 34% (27 of 80) had some 
eof posterior leaflet bowing on 1 (18 patients) or 
9 patients) views (Table III). Of patients without 
7 ultatory MVP, 19% (11 of 57) had bowing on 1 (4 
ents) or both (7 patients) views. The presence of 
ng of the posterior leaflet per se was therefore not 
fic for auscultatory MVP even if present in both 
NS. Severe bowing of the posterior leaflet was pre- 
n only 1 patient with auscultatory MVP, but was 
sent in 6 of 11 patients with holosystolic murmurs. 
ordingly, severe posterior leaflet bowing is rare 
spt in the presence of holosystolic MR. Only 5 
nts had bowing isolated to the posterior leaflet; 
ad no auscultatory MVP and 3 had holosystolic 
urs. 

Japtation point: Thirty-five percent of patients 
and 19% without auscultatory MVP had coapta- 
points at or on the left atrial side of the anular 
ina view with at least mild leaflet bowing (Table 
Of the patients with holosystolic murmurs, 91% 
1 of these coaptation point positions. Left atrial 
ation was present only in patients with ausculta- 
MVP or a holosystolic murmur. 

oppler interrogation: Doppler examinations 
technically satisfactory in all but 1 of the 80 stud- 
nd 31 showed MR. Of the patients with MVP+, 
(19 of 45) had either mild (15 of 45) or moderate (4 
Doppler MR. Severe MR was detected only in 3 
nts with holosystolic murmurs. The remainder of 
atients with holosystolic murmurs had either mild 
9) or moderate. (4 of 9] MR. Only 3 patients (5%) 
Doppler MR were in the MVP- category, and the 
e of MR was mild. Two of these patients had no 
or systolic displacement, and the third patient 


NA 





superior systolic displacement by convention 


11 (19%) 





AT = coaptation point at the mitral anular plane; Both diff = coaptation at 
level of anulus on 1 view and on left atrial side on other view; Both same = 
same coaptation level on both views; LA = = coaptation point on left atrial side 
of mitral anular plane. Other abbreviations as in Table H. 


systolic displacement had no Doppler MR and, con- 
versely, most. without Doppler MR had no superior 
systolic displacement. Severe Doppler MR consistent- 
ly coincided with 2+ to 3+ superior systolic dis- 
placement. 


Discussion 

Because currently used echocardiographic criteria 
indicate MVP in a sizable percentage of persons with 
normal hearts and because there is an acceptable con- - 
sensus that the presence of unequivocal auscultatory — 
signs?-? establishes the diagnosis of MVP beyond rea- 
sonable doubt, we sought to determine the echocardio- 
graphic patterns that coincided with diagnostic auscul-- 
tatory signs. Àn important objective was to establish 
norms that minimize the risk of misdiagnosing MVP in 
persons whose hearts are normal. Conventions A and 
B were assessed as 2 variations of commonly used 
criteria for the independent echocardiographic diag- 
nosis of MVP. Most patients with auscultatory MVP 
had some degree of superior systolic displacement by 
conventions À and B, and, conversely, most without 
auscultatory MVP had no superior systolic displace- 
ment, but overlap was considerable. The amount of 
disagreement between the 2 observers and the 2 con- 
ventions for diagnosing MVP underscored the inad- 
visability of relying on these criteria alone in diagnos- - 
ing MVP. These observations are in accord with the — 
conclusions of others.!?.14 E 

Mild systolic bowing confined to the anterior leaf- E 
let in the 4-chamber view was the most frequent pat- _ 
tern i in Dad with or wou onini eU MVP and s 













. with a holosystolic murmur. 

. We previously hypothesized that bowing of the pos- 

- terior mitral leaflet was more predictive of MVP than 

anterior leaflet bowing.” However, only severe bowing 

_of the posterior leaflet was absolutely specific for aus- 
cultatory MVP, but that pattern was detected in only 1 
of 80 of our patients (1%) with MVP+. Thus, less than 
severe leaflet bowing alone (anterior or posterior] does 
not adequately discriminate between patients with or 
without auscultatory MVP. 

A coaptation point at the level of the mitral anulus 

. did not distinguish between the presence or absence of 

. auscultatory MVP. A coaptation point on the left atrial 

ide of the anulus was observed in only 8% of patients 

|. MVP but was not observed in patients without 

MVP. Thus, left atrial coaptation is a specific but in- 

- -sensitive indicator of MVP. The coaptation point was 
on the left atrial side of the anulus in 27% of the pa- 
tients with a holosystolic murmur. . 

In summary, these data show that only severe bow- 
ing of a mitral leaflet and a left atrial coaptation point 
are specific for MVP+. These echocardiographic pat- 
terns are, however, infrequent and insensitive for de- 

 tecting MVP+. 
"ME Doppler MR without detectable cause other than 
perior systolic displacement facilitates the identifi- 
tof patients with MVP-t. Moderate to severe MR 
not observed in any patient in the MVP- group 
d, therefore, is useful in predicting auscultatory 
— MVP in patients with mild or moderate bowing of 1 or 
- both leaflets. In addition, no patient without ausculta- 
-tory MVP had the combination of moderate leaflet 
bowing and any degree of MR, a combination of find- 
ings that is acceptable as a criterion for MVP+. Only 1 
patient with mild bowing and mild Doppler MR had 
no MVP+. Accordingly, the criterion of mild MR with 
mild bowing is consistent with probable MVP. 
An isolated apical holosystolic murmur identifies 
. MRand,in the absence of discernible clinical cause, is 
consistent with but not diagnostic of MVP. Ten of the 
patients in this group had MVP as determined from 
he specific echocardiographic and Doppler criteria 
stablished in our study. These patients had signifi- 
antly more superior systolic displacement and more 
severe Doppler MR than did patients with ausculta- 
_ tory MVP. Accordingly, a holosystolic murmur caused 
. by MVP is generally associated with more severe pro- 























_ ther view was present only once and then in a a patient 


the general population. i. Epidemiologic features: the Framingham 








































To minimize inappropriately diagnosi | 
echocardiographically, we recommend that oi 
following very strict criteria be used for the ec 
diographic diagnosis: severe bowing of leafle 
parasternal long-axis or 4-chamber view; lef 
coaptation point; moderate or severe Doppler MR 
any degreeof leaflet bowing; or mild Doppler MR 
at least moderate bowing of 1 leaflet. The combin 
of mild leaflet bowing and mild Doppler MR r 
sents probable MVP. The best standard for the di: 
sis of MVP remains auscultation. If strictly applies 
properly qualified auscultatory criteria? are pre 
the patient has MVP regardless of the echoca 
graphic findings. 
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af * — left ventricular 
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Imonary artery (PA) and left atrial pressures usual- 
flect left ventricular (LV) end-diastolic pressure in 
| clinical settings.’ However, in certain condi- 
PA wedge and left atrial pressures may not accu- 
ly reflect LV end-diastolic pressure, such as in the 
ce of obstructive airways disease,’ positive 
-expiratory pressure or mechanical respiration,’ 
systole producing a large atrial pressure pulse 
ve) in patients with acute myocardial infarc- 
-12 mitral stenosis?" and mitral regurgitation 
when large V waves distort the pressure wave- 
in the left atrium.11°.13.14 Tt is possible to correct. 
of these inaccuracies by such manipulations as 
ary cessation of mechanical ventilation or al- 
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overestimated LV end-diastolic pressure (21 i2 
mm Hg) by 3096 (p «0.01), but the trough of the 
X descent (20 + 2 mm Hg) was similar to the LV 
end-diastolic pressure. in group 2 patients with 








small V. waves the mean PA wedge pressure was 








not significantly different from the LV end-diastolic 
pressure (18 + 2 vs 19 + 2 mm Hg, p = 0.06), 
but the trough of the X descent (13 + 2 mm Hg) 

timated LV end-diastolic pressure. Thus, in 





patients with large left atrial V waves due to MR, 





the trough of the X descent is the best predictor of 

LV end-diastolic pressure. In contrast, if the V wave 

is small, the mean PA wedge or left atrial pressure 

can sui esti nate LV end-diastolic pressure despite 
ence of MR. 


(Am J Cardiol 1988;61:136—141) 






























lowance for catheter position in the vertical gradient of 
the lung. However, no maneuver is available to cor- 
rect for large V waves that may occur in patients with 
MR. This study was performed to determine the accu- 
racy of PA wedge or left atrial pressure in patients with 
MR and to define a value from the PA wedge pressure 
tracing that most accurately predicts LV end-diastolic 
pressure in patients with prominent V waves due to 
severe MR. 


Methods 

Clinical: One hundred and eighty-three adult pa- 
tients were identified who had mild to severe MR as 
defined by contrast angiography over an 8-year peri- 
od.!5 Of these patients, 143 had simultaneous or near 
simultaneous pressures obtained in both the left 
ventricle and either the left atrium with a transseptal 
catheter or PA wedge position using a stiff 7 or 8 Fr 
Goodale-Luben catheter. Henceforth, left atrial or PA 
incid — will be — to as PA wedge pres- 
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BPM = = beats/min: CAD = = coronary artery disease; t= = idiopathic; IDC = 
. ventricular end-diastolic pressure; LVSP = 
< error of the mean. 


nee ol either. a prosthetic mitral valve in 3 or 
ertrophic cardiomyopathy i in 1. Therefore, a total 
52 patients with MR were analyzed. There were 22 








< cause of the MR was probable rheumatic (22 patients), 
mitral valve prolapse (9 patients], coronary artery dis- 
ease (5 patients), cardiomyopathy (9 patients), idio- 
pathic MR (2 patients), partially treated endocarditis (4 
patients) and congenital (1 patient). Of the 52 patients, 
39 (75%) had severe MR (angiographic 3+ or 4+], and 
E he remaining patients had mild or moderate MR (an- 
iographic 1+ or 2+). Eight patients had atrial fibrilla- 
ion at the time of the study. | 
ressure measurements: All pressures were re- 
orded either simultaneously or were superimposed 
sing the R wave from the electrocardiogram after 











-ing transseptal catheterization. Since there has been 
much confusion in terminology, the pressure wave 
. definitions of MacKenzie and Lewis!? were used: A 

wave is the first positive wave due to contraction of the 
atrium; C wave is the second positive wave appearing 
in the downslope of the A wave, but often not present; 

V wave is the third positive wave due to ventricular 
_ systole; X and X’ descents are the downslope after the 
A wave due to several factors, including atrial relaxa- 
Dut often: a continuous downstroke if no c wave is 


Left Atrial or Pulmonary Artery Wedge Pressures - 








| ae Age Rate Trough 
“Diagnosis (yr), Sex (BPM) A Wave X Descent 
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idiopathic dilated cardiomyopathy; E= : healed, infective éndocarditis; LVEDP. 
left ventricular peak systolic pressure; MVP = mitral valve prolapse; RHD = rheumatic heart disease; SEM = sta 


men and 30 women ages 19 to 73 years (mean 47), The 


- pullback from the left ventricle to the left atrium dur- 


the other pressure. measurements within. gai 
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V Wave Y Descent Mean 
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The LV end-diastolic pressure is the pressure aft 
atrial impulse.!7 For each patient, the following p 
sures were recorded: peak A wave, trough of th 
descent (lowest point before onset of the V wave 
rhythm was atrial fibrillation), peak V wave, troug 
the Y descent, mean PA wedge pressure and LV e 
diastolic pressure. Pressures were averaged du 
respiratory variation. Ten of the 52 patients had 
monary artery pressures measured and 10 patients. 
transseptal catheterizations with LA pressures m 
sured. Pulmonary artery wedge position. was 
firmed by fluoroscopy. 

Patients were divided into 2 groups: those 
large V waves (group 1) and those with small V | 
(group 2]. Group 1 patients were defined as h. 
large V waves if the V wave pressure exceeded th 
wave pressure (or pre-V wave pressure if the rh 
was atrial fibrillation] by more than 10 mm H 
Group 2 patients had V waves that were <10 mm 
greater than the A wave. E 

Statistical analysis: Results of pressure re ; 
ings were analyzed using a treatment by subjec 
repeated measures, analysis of variance.? Mu 
comparisons between. pressures were then ma 
statistically significant cases using the Dunnett 
compare the LV end-diastolic pressure with « e 














Left Atrial or Pulmonary Artery Wedge Pressures 













Heart - * 
Age Rate Trough . Trough 
V Wave ' Y Descent Mean LVEDP LVSP 





(yr), Sex 






(BPM) A Wave X Descent 








N ; 7 16 
62,F | 60 12 9 14 6 12 8 160 
63M 70 30 16 32 15 24 30 192 
7853 22 X 2* 19. 2! 2152 10 & 1 16 + 2° 1942 137 +31 










ered significant. All values are expressed as mean T 
standard error of the mean. 
*xpn«.O05 TO 

* — Of Results 

— Hemodynamic data: Of the 52 patients, 21 (40% 
had large V waves (group 1) and 31 (60%) patients hac 
small V waves (group 2]. Group 1 patients had signifi 
cantly higher V waves than group 2 patients (46 + 3v. 
21 + 1mm Hg, p <0.0001). Also group 1 patients had \ 
waves that were significantly larger than their corre 
sponding A waves (45 + 3 vs 24 + 2 mm Hg, p «0.001] 
In — re 2 patients — V wave pressures tha 
Rcx renes M ve — —l- were similar to their corresponding A waves (21 + 2 v 
— — — j Descen — SED 22*2 mm Hg, difference not significant). The LV end 
diastolic pressure in group 1 patients was not signifi 
cantly different from that of group 2 patients (21 + 2 v 
19 + 2 mm Hg, difference not significant; "Table L an 
In. The heart rate was higher in group 1 patients thai 
in group 2 patients (95 + 6 vs 78 + 3 beats/min, | 
«0.01). The peak LV systolic pressure was similar i 
both. groupe (e (group 1, 181 + — and group 2, 137 t 3 







































FIGURE 2. Correlation between 
the trough of the X descent from 
. feft atrial (LA) or pulmonary 
- artery wedge pressure (PCWP) 
. tracings and the left ventricular 
 end-diastolic pressure (LVEDP) 
feft, and the mean PAWP and - 
LVEDP, right in patients with — 
mitral regurgitation and large V ¶ 
waves. The fine represents the - 
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large V waves, the mean PA wedge pressure (26 + 2 
mm Hg) overestimated LV end-diastolic pressure (21 + 










istolic pressure but in only 4 of 21 
'A wedge within 2 mm Hg of the LV end-dia- 
ressure. An example of the close correspon- 
between the trough of the X descent and LV 
iastolic pressure and the discrepancy with the 
san wedge pressure is shown in Figure 3. Other pres- 
-sure wave measurements were inaccurate in estimat- 
-ing LV end-diastolic pressure in group 1 patients (Fig- 
ure 1]. | EO 
Small V waves: In group 2 patients mean PA wedge 
pressure (16 + 2 mm Hg) closely correlated with the LV 
. end-diastolic pressure (difference not significant) de- 
. spite the presence of MR (Figure 4 and 5). The trough 
of the X descent (13 + 2 mm Hg) did not accurately 
eflect LV end-diastolic pressure (18 + 2 mm Hg, p 
0.01) in group 2 patients. Only the height of the V 
ive also correlated with LV end-diastolic pressure in 
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ese patients (Figure 4). . 












Discussion 
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Estimation of left ventricular end-diastolic p 
sure: In the absence of certain disease states w 
pressure obtained by PA occlusion is similar t 
end-diastolic pressure.9-!! Sapru et alt demonst 
end-diastolic pressure in 10 subjects measured a 
and during exercise. The PA wedge pressure is us 
estimate LV end-diastolic pressure. Certain c 
situations preclude PA wedge pressure as an i 
measure of LV end-diastolic pressure. Mechan 





ventilation, positive end-expiratory pressure and. 
structive airway disease all increase intrathor 
pressure and may cause an artificially high PA we 
pressure.” In a noncompliant left ventricle, as in 
acute myocardial infarction, large atrial contrac 


waves (A waves] may produce an LV end-diast 
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LEFT ATRIAL eee 


IE 4. Values of various pressure components of pulmonary 
wedge or left atrial (LA) pressures compared with left ven- 
lar end-diastolic pressure (LVEDP) in patients with mitral re- 
ation and small V waves (group 2). The best correlation was 
en mean left atrial or pulmonary artery wedge pressure 
Pl and the LVEDP. 


ssure that is greater than the mean left atrial pres- 
»,6,11,12.21.22 Rahimtoola et al?! suggested that the 
in PA wedge pressure correlated only with the pre- 
ave of the LV diastolic pressure in patients with a 
ocardial infarction, but that the mean PA wedge 
ssure may still be an index of LV filling pressure. 
R has also been reported to prevent the accurate 
ect assessment of LV end-diastolic pressure.?.10.13 
ncreases the systolic and mean left atrial pressure 
he magnitude of the resulting V wave is, in part, a 
tion of left atrial compliance.34 Although PA 
ige pressure accurately reflects mean left atrial 
ssure or pulmonary venous pressure, large V waves 
ient in severe MR would be expected to distort 
PA wedge pressure tracing sufficiently to pre- 
t an accurate assessment of the LV end- diastolic 
sure. 7,10,13 

ince MR is a systolic event, it is reasonable to 
ime that the PA wedge pressure value obtained at 
end of diastole would reflect LV end-diastolic 
essure, since the mitral valve is open. Some investi- 
rs have suggested that ' ‘post-A-wave values” are a 
er estimate of LV filling pressure in patients with 
, but there are no data to substantiate this claim." 
ru et al! suggested that the “z point" (a point they 
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id still accurately refle 
sure. . The clinical utility of this claim is douk | 
C waves are not easily seen in many pressure tracings. 

Pressure correlation with large V waves: This 
study confirms that when large V waves distort PA 
wedge pressure, the mean of these pressure tracings 
does not accurately reflect the LV end-diastolic pres- 
sure. However, the initial systolic pressure, as mea- 
sured by the trough of the X descent, accurately corre- 
lated with the LV end-diastolic pressure in the pres- 
ence of large V waves. This is understandable in that 
both the LV end-diastolic pressure and the trough of 
the X descent are near simultaneous pressure events 
(Figure 3), and also, unlike the mean left atrial or PA 
wedge tracing, the trough of the X descent i is not dis- 
torted by large V waves. 

Size of V wave: In this study, as in previous studies, 
the height of the V wave did not accurately reflect 
the degree of MR.152%25 Although most of the study 
patients had severe MR by angiography, most pa- - 
tients had normal or small V wave heights. Pichard,'4 
Fuchs!? and their co-workers showed that the pres- - 
ence or absence of large V waves in the PA wedge 
pressure tracings was neither very sensitive nor specif- 
ic for severe MR. This is because the size of the V 
waves is a reflection of atrial compliance rather than 
the degree of MR.192375 Thus, severe MR into a very 
large and compliant left atrium produced little or no 
change in left atrial or PA wedge pressure.!32325 In 
contrast, conditions other than MR that increase flow 
or volume in a noncompliant left atrium, such as ven- 
tricular septal defects, mitral stenosis or osmotic agents 
including radiographic contrast, can produce large V 
waves.!? Also, an increase in heart rate that results in a 
shorter diastolic emptying period in the left atrium — 
may cause a higher V wave. ER 
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ction sounds arise in the aortic or pulmonic valve 
tures, usually in association with abnormalities of 
alve cusps. The aortic ejection sound has been 
nonly associated with a bicuspid aortic valve or 
enital aortic stenosis.!-* Little data are available 
ding its prevalence and characteristics in other 
ions. For this reason, a survey of phonocardio- 
ms in our laboratory for the past 6 years has been 
le to identify records showing an aortic ejection 
nd. The population surveyed consists primarily of 
erly men. The purpose of the study was to: (1) deter- 
he prevalence and characteristics of the aortic 
n sound; {2} identify associated clinical condi- 
nd (3) evaluate the possible mechanism of the 
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was performed in ail patients and a bicuspid aortic 
valve was identified in 38 patients (22%). In 83 
patients (49% ) 3 cusps were clearly seen. In 49 
patients (2996) an accurate determination was not 
possible. Anatomic examination of 120 consecutive 
aortic valves at autopsy was performed to identify 
possible causes of the aortic ejection sound. in 18 
(1596) of autopsies fusion of 2 aortic cusps extend- 
ing =5 mm from the attachment to the aorta was 
observed. This abnormality, aortic commissural fu- 
sion, may be congenital or acquired. It is concluded 
that aortic ejection sounds may occur in patients 
without bicuspid aortic valves and in a variety of 
clinical conditions. A moderate degree of cuspal fu- 
sion may be the cause of the sound. 

(Am J Cardiol 1988;61:142—145) 

















Methods 


Patients: One hundred seventy (995) of 1,950 pa- 
tients had a distinct sound of short duration not related 
to mitral or tricuspid closure and occurring at the time 
of opening of the aortic valve. All patients were male, 
with a mean age of 61 years (range 29 to 88). Associated 
clinical features were as follows: aortic stenosis in 48 
(28%), history of systemic hypertension in 17 (10%), 
Bu of rheumatic fever in 6 (4%) and none of these 
features in 99 (58%) patients. Fourteen patients with 
aortic stenosis had aortic valve replacement surgery. 

In a separate study, anatomic examination of 120 
consecutive aortic valves at autopsy was performed to 
identify the prevalence of bicuspid aortic valves or any 
degree of idiopathic aortic commissural fusion, which 


might result in an ejection sound. The method of mea-  . 
isuring the degree of commissural fusion is shown in. ` 
Figure 1. Fusion is measured in millimeters from the 
attachment of the commissure at the aortic wall tothe 


end of the fusion. I 
Phonocardiograms: Standard —— ph — 
— were aocor ed ‘using an | | re | 
















tid pulse, apex ogram an 
T ardiogram at a paper speed of 100 mm/s. 
© Two-dimensional (2- D) and M-mode echocardiog- 
-raphy was performed using a Philips SDC 4000. Stan- 
_. dard views were recorded. All patients had phonocar- 
. diographic and echocardiographic studies. Carotid 
.. pulses were recorded simultaneously with a phono- 
| cardiogram to determine the relation between the 
ejection sound and the onset of the upstroke of the 
carotid pulse. The aortic ejection sounds occurred ap- 
proximately 0.04 to 0.06 second after the mitral closure 
sound and were closely related to the onset of the rise 

of the carotid pulse (Figure 2). 

.. In 56 patients who had clearly visible aortic valve 
eaflet motion by M-mode echocardiograms, a si- 
multaneous recording of the. phonocardiogram and 
10de echocardiogram was performed with high- 
d recordings, as shown in Figure 3. To define the 
. relation between mitral and tricuspid valve closure, 
the aortic and pulmonary valve opening heart sounds 
A were recorded in 56 patients at the pulmonary area 

and left sternal border simultaneously with the M- 
mode echocardiogram. Recordings of the motion of 
each valve were made after the patient had achieved a 
steady resting state and a regular heart rate. From 
these. recordings, the following measurements were 
— made: (1 (1) the time interval from the onset of the first 
i h-frequency vibrations of the first sound to the on- 

f the ejection sound; (2) the time difference from 
Q wave of the electrocardiogram to the onset of the 
























" arotid pulse; and (3) the time difference from the 

- .Q-wave onset to the onset of the ejection sound minus 

-the Q to the final opening point of the aortic valve 
leaflets. 





only 38 (22%) patients. Eighty-three (49%) of 170 


tion sound minus Q to the onset of the upstroke of 















In 141 (83%) of the 170 patients, the aort 
sound occurred simultaneously with or 0.01 
before or after the onset of the rise of the « 
recorded carotid pulse, as shown in Table I.‘ 
was of the same or greater loudness as the firs 
sound. Respiratory variation in loudness was 
served. The prevalence of the aortic ej ection si 
was similar in patients with bicuspid valves anc 
tients with tricuspid valves. Thirty-four (89%. 
patients with bicuspid aortic valves and 67 (81% 
patients with tricuspid valves exhibited an aorti 
tion sound, E 
In 37 (66%) of 56 patients the aortic ejectión T 
occurred at or 0.01 second before or after the r 
opening point of the aortic valve leaflets, as s 
Table I. Ten (67%) of 15 patients with bicuspi 
and 20 (63%) of 32 patients with tricuspid val 
an aortic ejection sound occurring simulta 
with or 0.01 second before or after the onse 
the maximal opening point of aortic valve as: 
mined by simultaneous M-mode echocardiogr: 
and phonocardiography. E 
2-D echocardiography was performed in all 
tients and a bicuspid aortic valve was identifie 

















































tients had tricuspid aortic leaflets. In the remain 
the patients (2977) an accurate diagnosis of the nun 
of leaflets was not possible. The results are sho 
Table II. 
Fourteen patients with. a mean age of 61 
(range 49 to 71) with an aortic ejection sound had 
valve replacement surgery, and the valve wa 
scribed in the operative report. Eight patients - 
bicuspid aortic valve. Six patients had echoci 
graphic features of a bicuspid valve before surge: 
pense had a tricuspid aortic valve at surgery ar 






carotid pulse (CAROTID) and elect — * r 
election occurred 






ones cond after 2 


























Carotid Echocardiography 
Age Onset Maximal Opening 
(yr — No. (4001s) No. (3:0.01s) 


62 17 8676 6 50% 
69 6 66 96 3 67 96 
60 99 85% 30 70% 
61 83% 66 75 









p = high blood pressure; RF = rheumatic fever. 


Aortic Cusps 





tyr) No. Three Undefined 












14 (29%) 15 (8196) 


stenosis 62 48° 19 (40%) 
63 17 4{24%)  5(29%)  8(47%) 
69 6 1(17%) — 3(5096) — 2(33%) 
60 99 19(19%)  56(5796)  24(2496) 
61 
170  38(2295)  83(4996) 49(29%) 



























F= rheumatic fever; SH = systemic hypertension. 


agnosis was made preoperatively by 2-D echocardi- 
phy in 3 patients. Therefore, echocardiography 
d identify 9 of the 14 valves correctly before sur- 


natomic examination of 120 consecutive aortic 
es at autopsy was performed to identify the preva- 
e of bicuspid aortic valves or any degree of idio- 
ic commissural fusion that might result in an ejec- 
sound. Twenty-nine (24%) autopsies exhibited 
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R 3. Simultaneous s racording: of the echocardiogram (ECG) of 
Hic root | (AQ). cipit din — and — — 





120 consecutive autopsies 
<5 mm fusion 29 24 
2.5 mm fusion 18 18 
No fusion 72 60 
Biscuspid AV 1 1 
9 phonocardiograms plus autopsy 
AES with 2:5 mm fusion 2 
AES with bicuspid AV 1 
No AES with <5 mm fusion 2 
No AES without fusion 4 





AES = aortic ejection sound; AV = aortic valve. 


valve leaflet fusion of <5 mm. In 18 (15%) autopsies 
fusion of the leaflets of >5 mm was seen. The results 
are shown in Table III. 

Of 120 autopsied patients, 9 had phonocardiograms 
recorded within 6 months of death. Two patients had 
an aortic ejection sound with fusion of >5 mm be- 
tween 2 commissures of a tricuspid aortic valve. One 
patient had an aortic ejection sound with a congenital 
bicuspid aortic valve. Two had a mild degree of fusion 
of «5 mm and did not have an aortic ejection sound. 
Four did not have leaflet fusion or an aortic ejection 
sound. Figure 4 shows the moderate degree of commis- 
sural fusion in a tricuspid aortic valve. This patient had 
an aortic ejection sound. 


Discussion 
The aortic ejection sound is usually identified by 
auscultation as an apparent splitting of the first heart 
sound. It is most frequently heard as a discrete high- 
frequency sound, justifying the term "click," and is as 
loud or louder than the mitral closure sound. Itsinten- _ 
sity does not vary with respiration. Patients with a... 
prominent aortic ejection sound usually have a promi- 
nent aortic closure sound.» a 
A phonocardiogram with a reference tracing of the 
carotid pulse and the electrocardiogram i is necessary to 
establish the diagnosis of an aortic ejection sound.! In 








do. 04 to 0. 06 second after the mitral closure sound. 
carotid pulse tracing is useful in the identification of 
the aortic ejection sound, since the sound usually oc- 
-curs at the beginning of the carotid pulse upstroke or 
slightly thereafter due to the delay in transmission of 
the pulse from the aortic orifice.» The apex cardiogram 
is also useful in the identification of the aortic ejection 

sound, since the E point indicates the onset of left 

ventricular ejection.” The eje :tion sound often coin- 

cides with the E point or may follow this point by 0.04 

to 0.08 second. 

Simultaneous echocatdisgraphic. recording of aor- 

tic valve motion displays: the relation of the aortic ejec- 

tion sound to the maximum opening excursion of the 
leaflets. The close relation of the aortic ejection 
e maximal opening point of the aortic valve 
excludes the possibility. 
closure as the origin of the sound. 389 The aortic ejec- 
-tion sound occurs later than pulmonic valve opening. 
| Pulsed Doppler recordings of the a 
may also be helpful by demon 
analogue tracings at the time of valvular opening. 


































Hon ‘round, The — deceret of nee 
5 patients with aortic ejection sounds 





nissural fusion of 21 cusps of z5 mm may 
be the cause of the ejection. sound in the absence of 
other well-recognized causes. The fusion may be con- 
genital or acquired. The. congenital form may repre- 
sent a partially bicuspid aortic valve. Various forms of 
this abnormality have been described by Waller et 
al^ The abnormality has also been referred to 
as "ideopathic aortic commissural fusion" when the 
é use is uncertain," The origin may be congenital and 








ular aortic stenosis. If the. leaflet fusion was due to 


-other evidences of valvular « 





ment, the sudden tension of the fused leaflet 


-for the ejection sound in congenital aortic an 


must extend at least 5 mm from the commissu 


of mitral or tricuspid j 
sied patients who have had prior phonocardiogi 


e aortic outflow region 
strating sharp spikes i in 
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rognostic significance of ventricular arrhyth- 

is in idiopathic dilated cardiomyopathy is contro- 
ial. Thus, 73 patients with idiopathic dilated car- 
myopathy who had both 24-hour Holter monitor- 

and angiography were followed for = 3 years. 
y-eight patients (38% ) died, 14 patients 
9%) due to pump failure and 14 patients (19926) 
y sudden death. Univariate analysis revealed 
cular tachycardias as a major risk indicator, 
ng others. — multivariate analysis deter- 
sd the major ir den risk factors in the fol- 
ng died from pump failure, 
entricular filing | pressure, left bundle branch 


prognostic significance of ventricular arrhyth- 
n patients with idiopathic dilated cardiomyopa- 
IDC) is unclear: Whereas some studies found no 
ion between ventricular arrhythmias and surviv- 
others demonstrated a loose or even close associ- 
1.34 Further, it is uncertain whether Holter moni- 
ig is able to identify patients with IDC and sub- 
ient sudden death. Therefore, a long-term study 
et up to answer the following questions: (1) Do 
ular arrhythmias independently of hemody- 
; parameters influence survival in patients with 
) Is it possible to identify patients with IDG and 
quent sudden. death by Holter monitoring? 
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ventricular tachycardia and left ventricular ejection 
fraction; patients who died from sudden death, left 
bundle branch block and left ventricular ejection _ 
fraction, but not any form of ventricular arrhythmias. 
Reclassification by means of the risk factors re- 
sulted in a meaningful identification of patients who 
died from pump failure; however, patients who died 
from sudden death could not be separated from sur- 
vivors. Thus, in the present study Holter monitoring 
was unable to distinguish between patients who 
died from subsequent pump failure and patients who 
died from subsequent sudden death. 


(Am J Cardiol 1988;61:146-151) 


Methods 

Patients: Between July 1981 and April 1983, 79 con- 
secutive patients with angiographically proved IDC 
were included in a long-term follow-up study. The 
diagnosis of IDC was based on clinical, electrocardio- 
graphic, echocardiographic, hemodynamic and angio- 
graphic criteria.“>-’ Patients with coronary artery 
disease (stenosis =25%), systemic hypertension, cor 
pulmonale, valvular heart disease (except for mitral 
regurgitation I] or systemic disease involving the heart 
were excluded. The detailed data, the arrhythmia pro- 
file and a short follow-up of a subgroup of 60 patients 
have been published previously.’ 

Holter monitoring: During the 48 hours before or 
after cardiac catheterization, Holter monitoring (mean 
duration 24 hours [range 19 to 26]) was performed. 
Antiarrhythmic treatment was discontinued at least 1 
week before the day of monitoring. All recordings 
were analyzed twice semiautomatically using the 
Reynolds Pathfinder system. Examples of all types of 
yen e ——— pa une all Pu and all 

















ba a Total PF 
Parameter (n = 73) (n — 14) 
Age (yr) | 
<50 | 38 7 
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NYHA class | 
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di TA ve 43 6 
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LVEDP (mm Hg) : 
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the rate of gabuar iechirénrdia | were xevaldated: 


Ventricular arrhythmias were classified according to 


— 8 


. Follow-up: After. — eonan all pa- 











tients were discharged to their family physician with- 


ntiarrhythmic treatment. The follow-up consisted 


tics, nitrates and afterload-reducing drugs were 
'n according to the patient's needs. After 2:3 years, 
a questionnaire was sent to each family physician. In 
case of death every effort was made to distinguish 
between sudden death and death due to pump failure 


or other causes. According to Hinkle and Thaler? sud- 
den, unexpected "arrhythmic" death was defined as 


instantaneous death within minutes or during sleep 
without disabling chronic congestive heart failure (i.e., 

exclusion of New York Heart Association class 4) and 
without prior circulatory impairment. Telephone calls 
and personal visits to the family physician, to the 
spouse or close relatives identified the mode of death 
i Il decedents. 





No. Observations - 





(5 * Because of rounding, the sum of the proportions. is not — 100%. : E 
i left ventricular end-diastolic pressure; LVEF. = left ventricular ejection fraction; ... 
NYHA = New York Heart Association; PF = death due to pump failure; : 


isits to the outpatient clinic every 3 to 6 months. 


iate manner this can be achieved by Bene 


Given a risk factor combination, A, the probabil 
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Cumulative 
incidence 
(0714) Survival | PF SD 


6 68 19 13 
8 59 17 23 
2 89 0 11 
12 62 12 26 
0 20 80 0 
4 78 11 11 
10 50 025 25 
2 92. BE 8 
4 60 22 18 
8 . 88 33 29 
4 78 | 8 14 
8 (61 8 30 
2 | 48 43 9 
0 = = — 
14 59 21 21 
9 65 o 18 
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2 84 — 0 w 
12 60 522 18 


SD = sudden sath 


fence AE isk 1 aves groups, | ‘bt 
analyze the differences between p pump failure 
sudden death incidences within 4 group 
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culating simultaneously the probabilié 
certain time and the cumulative incid 
failure and sudden death. | 
sis uses an extension of the Cox prop : 
model to analyze the combined effect of risk act 
cause-specific survival times.‘ The remaining 


risk factors were used for discrimination p 



















patient dying within 3 years due to pump failu 

or sudden death (SD) was estimated. using the: 

re en model: p (PF/A) or p (SD/A). Thus, f 
atient, i i, Hie posite oe make; a à prognos 
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VPC/24 hours 
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a i s 43 6 
TV MIT 30 8 
| VEA hours 
a NEP 42 2 
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OM T 17 Ü 
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AF = atrial fibrillation; LBBB = 


Patient pis die due to PF if p (PF/A) 
p (8D/A) and p (PF/A) > c. 

Patient veil ae due to SD if p (SD/A) 
>p (PF/A) and p (SD/A) > c. 

The cutoff point. C Was chosen as 40%, 


ollow-up: A 3-year follew-up was possible in 73 of 
atients. Within this time, 14 patients (19%) died 
to pump failure and 14 patients (1 9%] due to sud- 
n death. Two patients received heart transplants 
d 1 patient died due to a carcinoma after 21 months. 
time course of death was comparable in patients 
pump failure and with sudden death. 

Clinical and. hemodynamic findings, univariate 
alysis: The study included 65 men and 8 women 







rvivors had a higher systolic blood pressure, a high- 

ection fraction and lower filling pressure com- 
C d with nonsurvivors. Only 2 nonsurvivors had an 
n fraction >40% (41% and 44%). Both patients 
m sudden death. E n fraction showed no 
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ence between patients v 















he only hemodynamic parameter showing a dif- 
ice was filling pressure: it was higher in patients 
died from pump failure compared with patients 
ied from. sudden eu anle n. 

ation during A 
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(n = 14) 


paired survival, independent of the mode of dea 


h a mean age of 48 + 10 years (range 18 to 66). 


who died from sudden death (Figure 3). 


10 died from pump fail- 
ind patients who died from sudden death (Figure 
sure, left bundle branch block, the number of beats i 


groups the number of ventricular premat 


Estimated 3 Year Rates (96)* 
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SD 
(n = 14) 
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6 64 21 15 
8 64 (45 n 
6 71 14 14 
8 53 24 24 
8 76 5 19 
6 48 36 16 
2 88 0 12 
6 67 8 25 
6 48 | 86 18 





b Because. of rounding, the sum of the proportions i is not always 100%. 


= left bundle branch block; PF = death due to. purnp failure; SD = sudden death; SR = 
sinus ied VPC = = ventricular premature complex; VT = ventricular tachyeardia. 


tients were discharged without antiarrhythmic ied 
ication, seme family physicians started treatment. 
However, at the time of death or at the end of follow- 


up antiarrhythmic drugs were equally distributed. 


among survivors, nonsurvivors and patients who died 
from pump failure as well as patients who died from | 
sudden death (Table I]. - 
Electrocardiographic and Holter findings, univa 
iate analysis: Atrial fibrillation was not related ti 






(Table II. However, the occurrence of left undle - 
branch block was a major determinant for impaired — 
prognosis both for patients with subsequent pump fail- 
ure and sudden death (Figure 2). The number of ven- 
tricular premature complexes as separated by 480/24 
hours was no predictor of prognosis. However, »6 cou- . 
plets and the occurrence of ventricular tachycardia | 
(Lown class 4B) were related to an impaired prognosis, — 
Ventricular tachycardia was found in more patients — 
who died from pump failure compared with patients P 







Multivariate analysis: The cause-specific propor- ` 
tional hazard model determined the major indepen- 
dent risk factors in the following order: patients wh 
died from pump failure, left ventricular filling pr 
















the longest ventricular tachycardia episode and eje 
tion fraction; patients who died from sudden death, 
left bundle branch block and ejection fraction: Ir | bot 






— Reclassification: By means of the major risk factors 
a eclassification of all patients was performed. Table 
IV shows that patients who died from pump failure 

ald be discriminated from survivors and patients 


who died from sudden death. However, patients who 
died from sudden death could not be separated from 
survivors. This result confirms t ie Cox model fit that 
the part of the log likelihood is si 


naller for patients who 
died from sudden death than for patients who died 
from pump failure. a 
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able to identify patients prone to in esi A dc 
death. Patients who died from pump failure 
higher prevalence of nonsustained ventricular 


cardia compared with patients who died from sudd 


death (Table II, Figure 3). The duration of nons 


tained ventricular tachycardia had a slight prog 


impact on patients who died from pump failure: 
III). For patients with sudden death, only left bi 
branch block a id ejection fraction could be ident 
as major risk indicators, but not a single arrhyt 
related. para 3 eter was found. 

: study by M einertz et al? sugg 


that Holter Monitoring ma 


tients with sudden and nonsudden death. These 


tigators. noted that sudden death was related. 


pairs or >20 episodes, or both, of nonsustained 


tricular tachycardia in 24 hours. This arrhyti 
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sent study patients who died from pump failure 
-a high prevalence of ventricular tachycardia, 
ner than patients with sudden death and survivors. 
both studies most patients who died (in this study: 
o) had an ejection fraction «4095. 

contrast, Huang et al! demonstrated no relation 
ween ventricular arrhythmias and survival in 35 
ents with IDC. However, this study had such a low 
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Log Likelihood — Part for PF 


tients who died from pump failure, left ventricular - 


pump. failure and Sudden death (bottom curves) of - 
) | with. ventricular. tachyoardia | 


— 2 X Log-Likelihood Ratio - 
B t if Factor is Removed 








































/. Parameter 8 
E 2 ME —0.04 —11 -0.07 . -—23 J 7.0 
EVEDR es rue 0.2 | —0.001  —0.1 13.9 
LBBB — 23 - 15 2.5 19.8 
No. ORS d inmo oe VT episode 0.6 — 


016 07 6.2 






Part for SD — Total. 
-50.0 | 7858 





= estimated regression coefficient; LBBB = left bundle branch block; LVEDP = loft ventricular end-diastolic Us 
filling pressure; LVEF = left ventricular ejection fraction; PF = death due to pump failure; SD = sudden death; t = fisd 
i standardized regression coefficient; VT = ventricular toca (the number of beats of the Tongas episode was 


mortality of 4% per year that a thorough statistical 
analysis was impossible. In the study of Unverferth et 
al? ventricular arrhythmias were ranked only third 
behind left bundle branch block and filling pressure 
as a prognostic indicator. Holmes et al* state in their 
study of 31 patients with dilated cardiomyopathy that 
complex ventricular arrhythmias represent an inde- 
pendent mortality risk factor. However, this study in- 
cluded only 15 patients with IDC, but 16 patients with 
ischemic heart disease. Only 11 of 31 patients under-- 
went left heart catheterization. Whether Holter moni- 
toring is able to differentiate between patients prone to 
sudden death and patients prone to pump failure re- 
mained unclear. 

Determinants of survival: In the present study sur- 
vival of patients with IDC was influenced by major . 
independent risk indicators in the following order: pa- 


£ 






filling pressure, left bundle branch block, the number . 
of beats in the longest ventricular tachycardia episode - 
and left ventricular ejection fraction; patients who 
died from sudden death, left bundle branch block and 
left ventricular ejection fraction. All other parameters 


TABLE "Ve Reclassification by Means of Major Risk Factors: Left 
Bundle Branch Block, Left Ventricular Ejection Fraction, Left 
Ventricular End-Diastolic Pressure and Length of Ventricular 
Tachycardia: Comparison Between Observed Status and 
Prognosis* 








Prognosis 
Survived PF SD Tota 
1 
2 . 
PF 3 10 0 13 
% 0 
3 
23 








from pump failure was neither the number of pairs 
mor of nonsustained ventricular tachycardias, but the 
number of consecutive beats in the longest episode 
-of ventricular tachycardia. Thus, left bundle branch 
block was the most powerful prognostic indicator for 
overall mortality. All previous studies investigating the 
role of conduction delay on prognosis have found a 


similar increase in morality.“ As in the present 
study Unverferth et al!? ranked left ventricular filling _ 


pressure second behind left bundle branch block as a 
prognostic indicator. Most previous studies indicated 
ventricular function to be a powerful prognostic pa- 
.rameter,^9.12-16 

mitations of the. study: Although. the family phy- 
did not know the result of Holter monitoring, 
antiarrhythmic treatment was initiated in 20 of 73 
patients (27%) during the follow-up period. This treat- 
ment might have altered the prognosis of the individu- 
al patient. However, in the whole sample antiarrhyth- 
mic treatment was equally distributed among the 3 
groups, thus minimizing the risk of bias (Table I). 

. Clinical implications: The present data demon- 
strate that selection of patients with IDC for antiar- 
rhythmic treatment cannot be guided by the results of 
‘Holter monitoring. Since 12 of 14 patients (86%) with 
sudden death had an ejection fraction «4075, this pa- 
ter, which can be obtained noninvasively by 
hocardiography, seems to be more reliable than the 
sults of Holter monitoring to identify patients at risk 
Sudden death. 
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| hat | is double-orifice raitral valve (DOMV]) from 


erstanding of the morphology of DOMV be of di- 
ostic and surgical assistance? These are the princi- 


ginal publication 2 Greenfield in 1876, approxi- 
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the anterolateral commissure in 11 cases (41%), 
at the posteromedial commissure in 12 (44%) and - 
there was a central fibrous subdivision with approxi- 
mately equal-sized orifices in 4 (15%). The atrio- 
icular (AV) canal was normally divided in 12 
cases (44%) and a common AV canal was present 
in 15 edid When the accessory orifice was at 
erolateral commissure, the AV canal usually 
iormally divided (8 of 11, 7396). But when the 
ai sory orifice was at the posteromedial commis- 
sure, a common AV canal almost always was pre- 
sent (11 of 12, 9296). Functionally, the mitral valve 
was normal in 13 (48%), regurgitant in 7 — 
and stenotic in 7 cases (26%). The key to the 
diagnostic and surgical understanding of the 
buble-orifice mitral valve is the inderl ying Miser. 
apparatus. 





















(Am J Cardiol 1988;61:152-160) 


imately 181 cases of DOMV have been reported.!-79 
DOMV is not as rare as has previously been thought, 
and it frequently is abnormal functionally. DOMV is ` 
being recognized increasingly by 2-dimensional echo- - 
cardiography” and at open-heart surgery.9979 Conse- 
quently, the present study was undertaken not only to - 
clarify the pathologic anatomy and embryology of 
DOMV, but also to assist preoperative 2-dimensional — 
echocardiographic diagnosis, intraoperative diagnosis. 
and surgical management. OD 


Methods 


— was found in 28 of 2, 733 T ca 
al heart disease in the is 














knowledge, is the largest study of the pathologic anato- 


$; lay i 
à. a D. , 
qw ^ 









- J Sp 
^d 


— = "i9 
LI. y < 


cles and ventricular architecture were examined and 


January 1, 1988 THE AMERICAN JOURNAL OF CARDIOLOGY Volume61 153 - 







A 

my of DOMV reported to date. photographed. 2 
Excluded were: (1) congenital perforation of the Clinical data were assessed in all 27 cases. Cardiac — 
mitral valve in which there is no tensor apparatus be- catheterization findings were studied in 23 patients, — . 
neath the perforation (as in Figure 6 of Freed et al7]; and 2-dimensional echocardiograms were examined  . 
and (2) double-outlet left atrium (analogous to double- in 7 cases. j 
outlet right atrium79) in which 1 orifice opens from the q 
morphologically left atrium into the morphologically Results 1 
left ventricle, whereas the other orifice opens from the These 27 postmortem cases of DOMV may be clas- 
left atrium into the morphologically right ventricle.”? sified topographically in terms of the site of the acces- — — 
In DOMV, both orifices open into the left ventricle.!79 sory (smaller) mitral orifice: (1) at the anterolateral — . 
The ages at death were: median, 9 months (range commissure, 11 cases (41%; Figures 1 to 4); (2) atthe —— 
18 hours to 15 years and 11 months). The ratio of boysto  posteromedial commissure, 12 cases (44%; Figure 5); — 
girls was 11 to 16 (0.7 to 1). The ratio of whites to blacks and (3) both mitral orifices approximately equal in size — 
was 26 to 1. (no “accessory” orifice) due to the presence of a central | 
Reports of 3 of these cases were published before, fibrous subdivision, 4 cases (15%; Figures 6, 7). 1 
but without analysis of their DOMV.°”7! The state of the atrioventricular (AV) canal was: (1) 
The sizes and locations of both mitral orifices were divided AV canal, that is, separate AV valves with — . 
noted. The leaflets, chordae tendineae, papillary mus- normally formed septum of the AV canal, in 12 cases J 
À 
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r 
1 


"PMPM 





FIGURE 1. Double-orifice mitral valve with divided atrioventricular canal 
and accessory orifice at the anterolateral commissure. A, left atrial (LA) 
view, case 1; B, left ventricular (LV) view, case 1; and C, LA view, case 3. 
In these patients, double-orifice mitral valve was of no functional signifi- 
cance. From LA aspect, accessory orifice resembles a hole in the mitral 
leaflet tissue at the anterolateral commissure. From the LV aspect, there is 
usually a high, small anterolateral papillary muscle (ALPM), as in B. Note 
the ring of chordae tendineae from the hypoplastic ALPM inserting about 
the margin of the small anterolateral accessory orifice (Acc Orif). Double- 
parachute mitral valve is present, the chordae from the large main orifice 
inserting only into the large posteromedial papillary muscle (PMPM) group 
and the chordae from the small accessory orifice inserting only into the 
small ALPM. In C, the anterolateral accessory orifice (ACO) is very small 
(1 X 3 mm) and a ring of small chordae beneath the ACO inserts directly 
into the left ventricular septal surface without intervening papillary mus- 
cles. The anterolateral (AL) papillary muscle group is also malformed, 
there being an accessory papillary muscle (AcM) located abnormally 
anterosuperiorly. ASD = atrial septal defect; PMPM = posteromedial 
papillary muscle; VS = ventricular septum. 
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B. Sci X j 
FIGURE 2. Double-orifice mitral valve with divided atrioventricular canal and anterolateral accessory orifice with severe congenital mitral 
regurgitation via the anterolateral orifice (case 6). A, view from left atrium (LA) showing large regurgitant accessory orifice (AcO) 
anterolaterally, and somewhat larger main orifice (MO) posteromedially. B, view from left ventricle (LV) showing large, abnormally low 
anterolateral papillary muscle (ALP), a high small anterosuperior accessory papillary (Ac PM), and a normal-appearing posteromedial 
papillary muscle (PMP). Hence there are 3 papillary muscles, the large ALP muscle being in the middle and receiving chordal insertions 
normally from both anterior and posterior leaflets, thereby separating essentially normal MO from the abnormal anterolateral commissural 
AcO. The thickened and rolled chordae from the AcO insert into both the high, small Ac PM and the large, abnormally low ALP muscle. The 
distance between the ALP and the PMP is somewhat reduced, the MO being mildly smaller than usual. The anterolateral commissure above 
the ALP muscle is unusually large and poorly supported, perhaps explaining the development of the anterosuperior Ac PM, thereby creating 
an anterolateral commissural orifice and hence the middle papillary muscle or 3 papillary muscle type of double-orifice mitral valve. 





: FOR X | 

VSD's PMP ‘Ly 
FIGURE 3. Double-orifice mitral valve with divided atrioventricular canal, anterolateral accessory orifice, subdividing muscular ridge and 
congenital mitral stenosis (case 7). A, view of opened left atrium from above, the left atrial appendage (LAA) and the pulmonary veins 
(PVs) being labeled for orientation. The prominent muscular ridge (MR), into which both the anterior and posterior mitral leaflets insert 
directly, subdivides the mitral ostium into an accessory (smaller) orifice (AOr) at the anterolateral commissure and a main (larger) orifice 
posteromedially (POr). B, view of the opened left ventricle (LV). The subdividing muscular ridge (R) is confluent with the anterolateral 
papillary muscle (ALP) and subdivides the mitral valve into accessory (smaller) orifice (AOr) and the main (larger) orifice posteromedially 
(POr). The posteromedial papillary muscle (PMP) is unremarkable. Multiple muscular ventricular septal defects (VSDs) are present. R 
appears to be an abnormal dorsal part of the ALP muscle group. AoV — aortic valve. Reproduced with permission from Bano-Rodrigo et al.75 














1 type C in 3). 
" When the accessory orifice was at the anterolateral 
commissure, the AV canal usually was normally divid- 
ed (8 of 11 cases, 73%; Figures 1 to 3), However, when 
^ theaccessory orifice wasatthe posteromedial commis- 
sure, the AV canal almost always was in common (11 
of 12 cases, 92%; Figure 5). Hence, there appeared to 
be a correlation between the location of the accessory 
orifice and the state of the AV canal. 

The mitral valve function was normal in 13 (48%; 
Figure 1), regurgitant in 7 (26%; Figure 2), and stenotic 
in 7 cases (26%; Figure 3). When the AV canal was 

¿© divided, mitral valve function was normal in 6 of 12 
(50%), regurgitant in only 1 (87: and stenotic in 5 cases 
42%). However, when a common AV canal was pre- 
t, mitral valve function was normal in 7 of these 15 
: ients (47%), regurgitant in 6 {40%} and stenotic in 2 
(13%). Although both of these groups are thought to be 
too small for meaningful statistical analysis, congeni- 
tal mitral stenosis appeared to be more common in 
DOMV with a divided AV canal, whereas congenital 
mitral regurgitation seemed to be more common in 
DOMV with a common AV canal. 
One or more anomalies of the tensor apparatus, that 
is, the chordae tendineae and papillary muscles, were 
present in all cases of DOMV (Figures 1 to 7) (see 
Discussion). Malformations of left ventricular archi- 
tecture also were frequent and involved not only 
nomalies of the papillary muscles, but also abnormal 
subdividing muscular ridges (Figure 3), muscular ven- 
tricular septal defects (Figure 5B) and anomalous mus- 
-. cle bundles of the left ventricle. Associated cardiovas- 
-. cular malformations were frequent and clinically im- 
portant (Table I): DOMV never occurred asan isolated 
anomaly. 


Discussion 


: Several different mechanisms appeared to produce 
E accessory orifices, thereby resulting in DOMV. 

=o -Chordal ring: In the classic form of DOMV, which 
has also been called the hole type?? and double- -para- 
jute mitral valve?? (Figure 1A, B), there is an accesso- 
smaller) orifice at the anterolateral commissure and 
iain (larger) orifice at the posteromedial commis- 
sure. The anterolateral papillary muscle typically is 

. high and small compared with the posteromedial, 
= which is much larger (Figure 1A, B). A small ring of 
_ chordae tendineae about the margins of the small an- 
. terolateral accessory orifice inserts only into the hypo- 
— plastic anterolateral papillary muscle (Figure 1B). A 
much larger chordal ring about the margins of the larg- 
er posteromedial mitral orifice inserts only into the 

. larger posteromedial papillary muscle (Figure 1A, B). 
- There never is leaflet tissue within the perimeter of 
ther chordal ring, accessory or main. The fibrous 
> "bridge" between the accessory and main ori- 
| leaflet tissue and chordae ten- 
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orifice, so too a large bosteromedial papilla 
subtends a large posteromedial orifice (Figure : 
If there is no subjacent papillary muscle, with d: 
chordal insertion into the left ventricular septa 
face, then the accessory orifice is exceedingly 
(Figure 1C]. 

The type of DOMV shown in Figure 1A and 
be called the classic type because this is the forr 
was reported in the first case by Greenfield! in 
This anomaly has also been called the hole type 
cause the left atrial aspect does, indeed, resem 
hole in the leaflet tissue of the mitral valve i 
anterolateral commissure. This type of DOMV ha 
been called double-parachute mitral valve/? becau 
each of the 2 mitral orifices inserts exclusively 
only 1 papillary muscle (as in parachute mitral va 

Abnormal chordal rings, with or without subja 
papillary musculature, were a constant finding in 
classic type of DOMV (Figure 1). Chordae tendin 
insert in approximately circular array into the ven 
ular surface of the mitral leaflet tissue, at some d 
tance from the free margin of the main orifice (Figu 
1B}. 

Why is such a chordal ring always associated - 
an accessory orifice (thereby resulting in DOM 
There appears to be an inverse relation between c. 
dae tendineae and leaflet tissue. Our hypothesis i 
at any given site, AV valve-forming tissue pro 
either leaflet or chorda, but not both at the same 
























































FIGURE 4. Double-orifice mitral valve with complete commor ; 
ventricular canal type C, anterolateral accessory orifice, and 
tially parachute mitral valve (case 11). The anterolaterat ac 
orifice lles between the insertions of the superior leaflet (SL) 
the anterolateral papillary (ALP) muscle and a prominent acc è 
ry anterosuperior papillary muscle (Access PM). The posterome 
papillary (PMP) muscle is hypoplastic and fused. with the AL 

free margins of the SL and the interior leaflet (IL) border the 
orifice and both insert into the ALP; hence a potentially pare 
mitral valve is present, The accessory orifice appeared t be 
— en Fw = free wall; Sub PA = 
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FIGURE 5. Double-orifice mitral valve with accessory orifice at 
the posteromedial commissure. A, case 15 with complete com- 
mon atrioventricular canal type A, left lateral view of opened left 
atrium and left ventricle (LV). Beneath the accessory orifice 
(AcO) at the posteromedial commissure, an abnormal ring of 
chordae tendineae attaches into the posteromedial (PM) papil- 
lary musculature. AL = anterolateral papillary muscle; S1? = 
septum primum. B, case 20 with complete common atrioventric- 
ular canal type A and inferior to superior crossing chordae of 
inferior leaflet. The main or cleft orifice (cleft) separates superi- 
or leaflet above and inferior leaflet below. Anterolateral (AL) 
and posteromedial (PM) papillary muscles are fused at their 
bases. Inferior leaflet inserts into superior AL papillary muscle 
via crossing chordae (CC) and into inferior PM papillary muscle. 
There is a small accessory posteromedial orifice (POr) where 
the inferior leaflet tissue bifurcates or diverges above the PM 
papillary muscle. There is a chordal ring from the PM papillary 
muscle about the margins of the POr. The free margins of the 


y 
Crossing 
Chordae 





superior and inferior leaflets about the main cleft orifice both insert into the AL papillary muscle, potentially parachute MV being present. A 
large muscular ventricular septal defect (VSD) coexists. Reproduced with permission from Bario-Rodrigo."5* C, case 18 with divided 
atrioventricular canal and inferior-to-superior crossing chordae. Crossing chordae tendineae pass from posteromedial commissure above 
posteromedial papillary muscle (PMPM) and insert into base of anterolateral papillary muscle (ALPM ), creating a functionally insignificant 
accessory orifice (Access Orif) ringed by chordae. AoV = aortic valve; LV = morphologically left ventricle; main orif = main orifice. 


This may explain why leaflet tissue was never found 
within the perimeter of a chordal ring: because all of 
the valve-forming tissue went into the production of 
chordae, there is no leaflet at this point. 

Consider the normal anterior leaflet of the mitral 
valve. Where leaflet is normally maximal, at the center 
of the anterior mitral leaflet, chordae tendineae are 
minimal. Where leaflet tissue normally is minimal, at 
the commissures, the chordae tendineae are maximal. 
Between the middle of the anterior mitral leaflet and 
the commissures, the inverse relation between leaflet 
and chordae is well seen: as the commissures are ap- 
proached, the leaflet tissue becomes less prominent 
and the chordae, more prominent; and vice versa per- 
tains as one proceeds from the commissures to the 
center of the anterior leaflet. Hence, this inverse rela- 
tion between leaflet tissue and chorda is considered to 
be an important normal phenomenon. 


The abnormality in the classic form of DOMV thus 
appears to be the anomalous chordal distribution, that 
is, the chordal ring. A ring of chorda was always asso- 
ciated with a hole in the leaflet, no leaflet tissue being 
present within the perimeter of the chordal ring (Fig- 
ure 1). Chordal rings may literally pull holes within 
developing mitral leaflet tissue. The last sentence is a 
hypothesis. However, the strongly positive correlation 
between chordal rings (small and large) and mitral 
orifices (small and large) is an anatomic finding to 
which, thus far, we have not been able to find an 
exception. Specifically, we have never found a chord- 
al ring without an orifice within the ring. 

The chordal ring type of DOMV occurs not only 
with a divided AV canal (Figure 1), but also with a 
common AV canal (Figure 5A]. 

Accessory papillary muscles: Additional (accesso- 
ry) left ventricular papillary muscles also were associ- 
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FIGURE 6. Double-orifice mitral valve with divided atrioventricular canal, approximately equal-sized anterolateral and posteromedial 
orifices and “middie” free wall papillary muscle (case 24). A, left atrial view. The anterior leaflet (AL) of the mitral valve (MV) forms a ''V"- 
shaped wedge of tissue subdividing the mitral lumen into approximately equal-sized anterior orifice (Anterolat Orif) and posterior orifice 
(Posteromed Orif). LAA = left atrial appendage. B, left ventricular view. The AL of the MV inserts into a middle papillary muscle (MPM), 
which arises from the free wall (FW) of the left ventricle (LV), between the anterolateral papillary muscle (ALPM) and the posteromedial 
papillary muscle (PMPM). AoV = aortic valve; EFE = endocardial fibroelastosis; VS = ventricular septum. 





FIGURE 7. Double-orifice mitral valve with divided atrioventricular canal, approximately equal-sized anterolateral and posteromedial 
orifices and centrally situated and partially fused anterolateral and posteromedial papillary muscles (case 25). A, left atrial (LA) view 
showing double-orifice mitral valve produced by a fibrous bridge between the anterior and posterior leaflets of the mitral valve, dividing the 
mitral valve into 2 approximately equal-sized orifices. ASD 2? — secundum type of atrial septal defect; PVs — pulmonary veins; S 1? — sep- 
tum primum. B, left ventricular (LV) view showing that the anterolateral papillary (ALP) muscle group and the posteromedial papillary 
(PMP) muscle group are fused at their bases, that is, abnormally close together, the normal interpapillary distance between the ALP and 
the PMP being greatly reduced. In this photograph, the ALP and PMP are artificially separated maximally with invisible pins, in an effort to 
show the subdividing fibrous bridge (FB) optimally from below. The juxtaposed, partially fused and centrally located ALP and PMP receive 


chordal insertions from both the anterior and posterior mitral leaflets, thereby producing fibrous subdivision of the mitral valve into 
approximately equal-sized orifices. 





Percent of 
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E Associated Malformations (n = 25) 













eniricular septal defect 





infundibuloventricular 4 16 
Muscular 4 16 
ral regurgitation. 8 32 
cundum type of atrial septal defect 5 20 
uble-orifice tricuspid valve 4 16 
stein's anomaly — 4 16 
— triouspid regurgitation 4 16 
4 16 
4 16 
4 16 
4 16 
3 12 
3 12 
2 8 
1 4 
1 4 
2 8 
2 8 
2 8 
2 8 
2 8 
2 8 
2 8 
2 8 
1 4 
1 4 
1 4 
1 4 
1 4 
1 4 
1 4 
1 4 




























= left ventricle. 


papillary muscle was high, small and located at the 
terolateral commissure. The accessory anterolateral 
ce (Figure 2A) was poorly supported by thickened 
elongated chordae that inserted into the small ac- 
ry anterosuperior papillary muscle and the large 
olateral papillary muscle. Hence, the chordae of 
anterolateral accessory orifice inserted into 2 very 
ual and poorly paired papillary muscles, very dif- 
nt from the typical double-parachute mitral valve 





pillary muscle (Figure 1]. Severe mitral regurgita- 
occurred through this anterolateral orifice. This 
ventricle, thus, has 3 papillary muscles (Figure 2): 
anterolateral, the posteromedial and the accessory 
rosuperior. A chordal ring about the regurgitant 
rolateral accessory orifice thus inserted into 2 very 
ferent papillary muscle groups (Figure 2). 

— that this patient (Figure 2) has both 


iiri of thate ténsor y apparatus predisposing to 





(Figure 2) ~ with: a common on AV canal (Figure 4). | 






d with DOMV (Figure 2). In Figure 2B, the accesso- 


in which each orifice inserts exclusively into 1 


coexisted in a given c case. — these anoma~ f Jar surface of the inferior leaflet i in 1 circular ar 








Accessory left ventricular papillary muscles were as- 
sociated with reduction of the interpapillary muscle 
distance between the anterolateral and posteromedial 
papillary muscles (Figure 2B), or with fusion of these 
papillary muscles, that is, parachute mitral valve (Fig- 
ure 4). 

Subdividing muscular ridge: The mitral orifice 
may be subdivided by an abnormal muscular ridge- 
that is directly continuous with the anterolateral papil- 
lary muscle group (Figure 3). This form of DOMV ap- 
pears clearly to be an anomaly of the anterolateral 
papillary muscle group and of the left ventricular myo- 
cardial architecture; note the coexistence of multiple 
muscular ventricular septal defects (Figure 3B). This 
type of subdividing muscular ridge from the anterolat- 
eral papillary muscle group of the left ventricle con- 
stitutes a rare form of congenital mitral stenosis.5’ 
Wimsatt and Lewis!* were the first to document this. 
subdividing muscular ridge type of DOMV with ante- 
rolateral accessory orifice and divided AV canal. The 
subdividing muscular ridge acts somewhat like a huge 

papillary muscle, receiving direct insertions from the 
anterior and posterior leaflets of both orifices (Figure 
3B]. 

Fused papillary muscles: The anterolateral and 
posteromedial papillary muscles of the left ventricle 
often were abnormally close together (Figure 2B) or 
fused (Figures 4, 5B, 7B) in association with DOMV, 
that is, parachute mitral valve,® fully developed or 
forme fruste, frequently coexisted. As will be seen, 
fused papillary muscles can set the stage for crossing. 


. chordae (see next), which, in turn, can predispose to an 


accessory orifice. — 

Crossing chordae: In the common AV canal, the | 
inferior leaflet usually inserts only into the posterome- : 
dial papillary muscle group of the left ventricle.® 
However, the anterolateral and posteromedial papil- 
lary muscle groups can be abnormally close together 
and fused at their bases (Figure 5B). In this situation, 
the inferior leaflet of the common AV valve may insert 
both into the inferior ( posteromedial) papillary muscle 
group and into the superior (anterolateral) papillary 
muscle group (Figure 5B). In this partial form of para- 
chute mitral valve,® there is inferior-to-superior cross- 
ing chordae: the chordae tendineae and leaflet tissue 
from the inferior leaflet insert into the superior papil- 
lary muscle (Figure 5B). This inferior to superior cross- 
ing of the inferior leaflet tissue separates the postero- 
medial papillary muscle abnormally far from the free 
margin of the inferior leaflet that borders the main - 
cleft orifice inferiorly. Consequently, the free margins ` 












of the main cleft orifice insert only into the anterolater- 


al papillary muscle group (parachute mitral valve] 
(Figure 5B).9? The chordae tendineae from the postero- 
medial papillary muscle group insert into the ventricu- — 





















la muscle fusion (parachute mitral valvep? (2 inferi- 
1 o superior crossing chordae and leaflet tissue; and 
} a chordal ring at the posteromedial commissure. 
jte: chordae also can be associated with an 
-accessory orifice at the anterolateral commissure, with 
‘the common AV canal (Figure 4}. The superior leaflet 
-usually inserts into the anterolateral papillary muscle 
-group of the left ventricle only.9? However, if the supe- 
rior leaflet also inserts into an: accessory anterosuper- 
ior papillary muscle (Figure 4), the superior leaflet “bi- 
furcates" to make this dual insertion, and there is an 
accessory orifice at this point of bifurcation. A chordal 
ring inserting into these 2 papillary muscles is also 
- present. This superior leaflet also displays unusual in- 
ferior to superior crossing chordae: from this leaflet 
ontally leftward to the anterolateral papillary 
le and from this leaflet superiorly to the accessory 
papillary muscle (the latter being inferior to superior 
-in orientation). Hence, in this case, 4 anomalies of the 
tensor apparatus are associated with an accessory 
orifice (Figure 4): (1) fusion of the anterolateral and 
posteromedial papillary muscles (parachute mitral 
valve]$5; (2) inferior to superior crossing chordae with 
bifurcation of the leaflet tissue; (3) accessory papillary 
muscle; and (4) a chordal ring at the anterolateral com- 
missure. 
_.. Crossing chordae very rarely can be associated 
th a divided AV canal (Figure 5C), our case some- 
at resembling that of Tesseraux!? in 1934, which 
d a submitral fibrous network composed of crossing 
rdae and leaflet tissue. 
ntral fibrous subdivision: Occasionally, the mi- 
tral orifice can be subdivided approximately equally 
— anterolateral and posteromedial orifices (Figures 
7) by fibrous tissue of the approximate middle of the 
nes mitral leaflet, which inserts into a middle free 
wall papillary muscle (Figure 6B) or into the middle of 
the posterior mitral leaflet (Figure 7A). In the latter 
case, the anterolateral and posteromedial papillary 
muscles were fused at their bases (Figure 7B], greatly 
reducing the interpapillary muscle distance. 
One patient (case 26) with the central fibrous subdi- 
on type of DOMV was associated with an incom- 
common AV canal, no ventricular septal defect, 
mitral valve, common atrium, narrowing of the 
l orifice but without demonstrable gradient (per- 
haps because of the large left to right shunt at the atrial 
level) and the hypoplastic left heart syndrome with 
small left ventricle, anterolateral and posteromedial 
papillary muscles confluent at their bases, bicuspid 
aortic valve, preductal coarctation, a relatively huge 
right heart and a Jarge patent ductus: a rare form of the 
hypoplastic left heart syndrome. 
. Another patient (case 27) had the central fibrous 
subdivision type of DOMV, also: with the hypoplastic 
eart syndrome, but with a divided AV canal. 









































3 confluer tleft: venti icular papillary mus- 
itral leaflets both. 






» £118. 

— posterior queue tissue met, fused and cre 
abnormal central fibrous subdivision. This cen 
brous “commissure” or subdivision appeared 
strict the left ventricular inflow, which, in turn, 
well have contributed to the hypoplasia of th 
heart. | 
Diagnostic and surgical considerations: Sinc 
tensor apparatus is the key to the understandi 
DOMYV, we suggest that more attention be focused 
the chordae tendineae and papillary musculatu 
2-dimensional echocardiography and by direc 
spection in the operating room. The “fibrous bric 
of the surgical literature?247-90.53-55,59,65,69,74,76 ar 
sentially normal leaflet tissue and chordae ant 
abnormal fibrous adhesions, as has often been 
gested. The fibrous bridges (leaflet tissue) shoul 
be transected surgically, in order to avoid iatro; 
mitral regurgitation, when the accessory orifice i 
terolateral or posteromedial. However, when a 
der central fibrous subdivision is present (Figure 7A 
is our impression that transection of such a cen 
fibrous strand may be beneficial by untethering tl 
anterior and posterior mitral leaflets, if this can 
done without producing a flail leaflet. We inadverte 
ly tore a central fibrous strand in one such case w. 
preparing the heart specimen for photography, and 
mitral valve looked much better after our "accide 
than before it. Nonetheless, in typical DOMV with 
accessory anterolateral or posteromedial orifice, trai 
section of fibrous bridges between the accessory an 
main orifices always appeared to be contraindicate 
Mitral valvuloplasty*? and valve replacement? bo 
have a place in the management of DOMV. Whe 
DOMYV is associated with potentially parachute mitr: 
valve and common AV canal,® the main orifice, t 
is, the mitral cleft, should not be closed completel 
avoid severe iatrogenic mitral stenosis.9374 | 
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uantitave ariglogrephy of the left ventricle: is an 
portant procedure in the investigation and clinical 
agement of heart disease.!? With the application 
lane cineangiograms, volume determination of 
ventricle has been estimated with extreme ac- 

all ages? The area-length method described 
Dodge et alt commonly used for left ventricular 
ume estimates assumes that the left ventricular cav- 
is represented by a 3- dimensional ellipsoid. On the 
ther hand, the irregular shape of the nant ventricle 
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| using Simpson's "ule 


tions were obtained between maod and tru 


f volumes Ds = project to 0. ppd in all — 


disease using a axial d angulated y ven ricu lography 
(Am 3 Cardiol 1988;61: 161- 


cannot be modded by a geometric figure of revolu 
and, therefore, the area-length method is not app. 
ble for right ventricular (RV) volume estimatic 
Simpson's rule for calculation of RV volume is 
on a multiple slice method, in which segments or 
are represented as elliptical cylinders! and 
been demonstrated to. correlate well with meas 
human RV cast volumes? However, the validi 


these models has been. confirmed. from compar 


between calculated and true volumes of casts 
from hearts with normal RV and left ventricular 
umes and hemodynamics.-* Recently, we d 
strated the influence of RV hemodynamics on left 
tricular volume determination in various angul 
projections, and others have commented 

RV configurational change in different hemody 
states.! The purpose of this investigation was 2 : 
reevaluate the accuracy of RV volume determ 

'srt using: casts made fro: 





162 RIGHT VENTRICULAR VOLUMETRY 





FIGURE 1. A goniometer made in our laboratory. With this goniome- 
ter, it is easy to control the exact position of the cast, especially in 
long-axis oblique and hepatoclavicular projections. 


results of regression analysis of RV volume deter- 
mination performed in axial projections used during 
routine biplane ventriculography. 


Methods 


Right ventricular casts: Thirty casts were made 
from hearts of patients with congenital heart disease 
undergoing routine postmortem examination. These 
postmortem specimens selected for making casts were 
fixed in formalin, but those in which ventricular shape 
had been remarkably shrunk by fixation were exclud- 
ed. After the removal of blood clots from both ventri- 
cles, the mitral and tricuspid valves were oversewn 
and the walls glued with a cyanoacrylate compound 
(910 Adhesive, Permabond International Division). A 
silicon rubber material (3110 RTV, Dow Corning) 
mixed with barium sulfate powder (EZEM Co.) was 
injected simultaneously into both ventricles through 
the aortic and pulmonary valves. The injection into the 
ventricles was as passively performed as possible to 
avoid the unphysiologic shift of the ventricular sep- 
tum, not under positive pressure. After the casts had 
hardened, the left ventricular and RV free wall were 
incised and casts carefully removed. The hearts stud- 
ied consisted of 5 with tetralogy of Fallot, 4 with atrial 
septal defect, 4 with endocardial fibroelastosis, 3 with 
complete transposition of the great arteries with intact 
ventricular septum, 3 with ventricular septal defect, 2 
with total anomalous pulmonary venous return, 2 with 
coarctation of the aorta, 1 with congenital mitral steno- 
sis and 1 with hypertrophic cardiomyopathy without 
RV outflow obstruction. These casts were divided into 
2 groups according to RV hemodynamics. Group 1 (n = 
15) had abnormal RV hemodynamics, and these casts 
included those with tetralogy of Fallot, atrial septal 


defect, complete transposition of the great arteries 
with intact ventricular septum, total anomalous pul- 
monary venous return and congenital mitral stenosis. 
Group 2 (n = 10) had normal RV hemodynamics, and 
these casts included those with endocardial fibroelas- 
tosis, ventricular septal defect, coarctation of the aorta 
and hypertrophic cardiomyopathy. 

Volume determinations: All casts were fixed on a 
needle of a goniometer made in our laboratory and 
positioned on the catheterization table for biplane cin- 
egrams (Figure 1). The vertical and horizontal image 
intensifier were fixed in anteroposterior and lateral 
positions, respectively. A reference axis was formed 
by a line connecting the most anterior point of the 
pulmonary artery valve ring perpendicular to the dia- 
phragmatic plane (Figure 2). This line was positioned 
to form a 25? to 30? angle with the lateral plane and 
parallel to the frontal plane. All casts were filmed in 
biplane anteroposterior and lateral, standard 30? right 
anterior oblique and 60? left anterior oblique, long 
axis oblique, hepatoclavicular and sitting up positions. 
In the long axis oblique position, the cast was slanted 
30? in right anterior oblique direction relative to the 
vertical image intensifier and rotated approximately 
15? to 20? with apex to the right side of the table. In the 
hepatoclavicular position casts were slanted 20? in left 
anterior oblique relative to vertical image intensifier, 
rotated 15? to 20? with apex to the right of the table and 
goniometer tilted forward in a 45? caudal-cranial di- 
rection. After each film, a grid of 1-cm squares was 
filmed at the position of center for each cast and sepa- 
rately for each of the vertical and horizontal views. 
The films of the casts were projected and traced on 





FIGURE 2. A reference axis showing a line connecting the point of 
pulmonary artery valve ring perpendicular to the diaphragmatic 
plane. 















cast volumes were calculated using a — 
method [Simpson' S rule); the respective frontal 





Projection 





| Anteroposterior and lateral — y= 0.5 +12 3.3 
aced segments by 19 horizontal lines (see Aopendix) Right anterior oblique and y = 0.47x + 1.1 4.3 






" n left anterior oblique 
The: volume of each slice for the pre aa cross-section | 0 axis oblique aoc? ae 


















Hepatoclavicular (^y = 0.54x t 0.8 4.7 
di up. | j y= 0. 52x + 0. 8 





where h = , height of each. segmentte (ath): and Dvert, n B= linear intercept; m- = = correction factor; = = correlation coefficie 






 Dhoriz = segment diameter »e anteroposterior (cm) = standard error of estimate; x = measured volume; y = corrected 
and lateral (cm). The total RV volume was obtained by : 


ithe su nm, of the volume of 20 slices - | paring true and: aaa volumes yielded exc 


oa = (h/4} Z(Dvert - Dhoriz) - correlations coefficients (range 0.92 to 0.96) with s 
la 3 [Dvor . Dhorizo + Pretta .  Dhoriz;j) . standard errors of estimate (range 3.2 to 4.7). Stan 
Kr . end segments - errors were the lowest for the anteroposterior anc 

he Bhar + Dvert; : - Dhorizs eM Dvertis eral and sitting up projections. Regression slopes 
ie Dia d e p vert Dhor in sped - correction factors), however, were relatively low : 
ack . projections and ranged from 0.43 to 0.54. The la 

overestimation of RV true volume occurred in 1 
axis oblique projection, and the smallest overest 
- ical] W tion, in the. anteroposterior and lateral, hepatocla: 
"aum supiartiüg: a — Tablet (T i "rini di y y Conpirei] lar and sitting up proje ections. Ther | 
The true volume of each cast was beed by weight cant differences in correction factors between t 
: — divided NS the — graviy 7 of — rub- . groups when these casts were separated based on 
A? ! — (Table Be E : 

































Discussion 


"The RV configuration i is more irregular and í 

| ipee than that of the left ventricle and cannot be 
 sented by a 3-dimensional ellipsoid of revolutio 
addition, the anterolateral or apical portions o: 
right ventricle are sometimes difficult to outline e 
ly because of irregularities in papillary muscl 
trabeculum carinae, especially during systole or 
tients with hypertrophy. Therefore, it is inapprop 

to calculate RV volumes using the area-length m 
described by Dodge. 211-33 The most common app 

to RV volumetry i is the application of Simpson 
method, in which multiple slices of the chambe: 
made perpendicular to the longest axes in vertic 

. horizontal images, each segment represented a 
— elliptical cylinder. Many previous investigations: 
demonstrated that the method has smaller erro 
volume estimation than the area-length or 2-ch 

| method. 711,13 However, the 6 degree of overestir 
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i Reference Cast Specimen (ml) 


true volume is — ian that in left ventricular 
umetry, even when Simpson’ s rule is applied. 

Table III summarizes p previous published findings 
g RV casts studied using Simpson's rule meth- 


e made from postmortem specimens without heart 
ase. Although the regression equations showed ex- 
lent correlation coefficients (range from 0.86 to 0.99) 
small standard errors of the estimate, the Simp- 
rule method overestimated true volume by ap- 
imately 50 to 75% (correction factors ranging from 
to 0.93) in all but 1 study. Our cast studies showed 
although the values of the correlation coefficients 
satisfactory, the correction factor values ranged 
| 0.43 to 0.54 in all projections and were more or 
low compared with those reported in provinus 
stigations.5-51912 

Je have previously reported. that regression slopes 





tistically different from those in normal hearts 
eft ventricular volume determination.’ To our 
vledge, there are no other reports of RV volumetry 


ch correction factors were measured using small 





d that the. degree of overestimation error in the 
ength method was sign ificantly greater at small- 

2 r volumes, using casts with different 
es made from the same heart. However, mea- 
nt of RV volumes were not performed in that 
)ur investigation also revealed that the degree 








Cast Volume B 





Projection OF r Value 
Graham et al’? 28 human 1-112 AP/LAT 0.649 6.73 0.99 
(1973) - l 
Gentzier et ai* 12 human 20-115  AP/LAT 0.749 3.7 0.99 
(1974) 
Fisheretal 48 canine 0.36-95 AP/LAT 0.71 3.77 0.97 
(1975) | | 
Lange et al’? 22 human 16-154 .  AP/LAT 0.583 2.9-22.6 — 
(1978) — | , 
Shimazaki et ai 10 human 11-137  AP/LAT 0.76 12.9 0.98 
(1980) . | | | | 
Slutsky et am 25 canine 25-120 —— RAO/LAO 1.052 5.0 0.95 
(1982) g | 
— — 50 human 48-161 RAO/LAO 0.44-0.62 — 0.77-0.87 
(1982) . 
Formanek et apt 23 human 10-200 | AP/LAT 0.48-0.71 41-128 0.86-0.95 
(1984) RAO/LAO 
| HCL,LAXO | 
Pietras etal — 19 human 16-95 AP/LAT 0.76-0.93 — 5.2-7.3 0.96-0.98 
E" Mem | RAO/LAO- 
2 E LAXO 


-AP/LAT 5 =  anterooosteriar lateral; OF = correction factor: HCL: = hepe 


14 The cast specimens, 7 human and 2 dog studies, 


ulated by area-length method using casts obtained 


these projections is helpful in assessing management 


made from postmortem specimens with congeni- - 


-.. born heart.2-23 It is important that appropriate correc- 
art disease. Palacios et al’? recently demon- 


tion factors are applied when angulated projections 


tors obtained from the anteroposterior and lateral, 


volume i is s greater i in 1 the RV in their ‘investigation t that. the long axis s oblique 








ROME LAXO = long-axis. — r= 





correlation coefficient; RAO/LAO = right anterior oblique and left anterior oblique; SEE = standard error of estimate. 


any particular projection, even when the casts were 
divided into groups based on RV hemodynamics. 
These data indicate that the regression equation in RV - 
volumetry calculated by Simpson's rule method is not. 
affected by RV hemodynamics. Lange et al!!2 report- — 
ed that the overestimation of true volume was influ- - 
enced by the spatial position and cardiac phase ofthe 
ventricle. In the systolic phase, the trabeculations i in- | 
cluded in the tracing contours may influence measure- _ 
ment of the RV volume and contribute to overestima- | 








tion of calculated to true volume.!! In our study, we 


not separate the casts into systole or diastole becat 
the subjective nature of such a division and the an 
pated postmortem shrinkage. Casts, although repre 
sentative of the geometry of the RV, were more likely He 
to be between systole and diastole. E 

In recent years, multiple angulated angiography of. P 


the hearts using long-axis oblique, hepatoclavicular or - 
sitting up positions has become important in theevalu-. 






ation of anatomical detail in patients with congenital 
heart disease.819 The accurate measurement of RV 
and left ventricular volumes. or ventricular mass in 







options in this patient group, particulary in the new- 











are used. Our results revealed that the correction fac- 







patoclavicular and sitting up projections were. large 
than the right and left anterior oblique and long axis 
oblique projection, that is, showing lesser degree of 
overestimation of true volume. Formanek et al found 

























le : proj jections for RV volume measurement ap- 
arsto be the anteroposterior and lateral or sitting up 
jections from our study, although the other perpen- 
icular biplane projections can give reasonable esti- 
- mations. Further, although the application of different 
` regression equations is required | o calculate volume 
- from biplane cineangiography i in each of the 5 axial 
 angulated projections, the regression slopes were not 


- affected by the hemodynamic e state of RY or lett ven- 


-tricle. 
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To determine if a greater number of segm 


from. anteroposterior and lateral projections wer 
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umes among each segment group. The accuracy o 
calculated volume appears not to be affected b 
number of divisions used i inthe RV image. 















































er the years, — ——— with angiog- 
y has been used to provide anatomic, functional 
hemodynamic information on which was based 
led anatomic diagnosis, management decisions 


genital and acquired heart lesions. The morbidity 
mortality related to. catheterization are infre- 
t, but there are hazards, such as radiation expo- 
that cannot be c uantitated adequately.? 

wo-dimension; (2-D) and Doppler echocardiog- 
z also can provide anatomic, functional, hemody- 
c and, recently, “angiographic” information simi- 
1 hat provided by cardiac catheterization andi an- 
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, changed the diagno 


uding operation) and subsequent follow-up for. 


ger with suspected cardiac disease. The year 1975 rep- ~ 
. echocardiography at our institution. In 1985, 2-D echo- 
- techniques, in particular, continuous wave Doppler, 


were having a substantial impact on the noninvasive 
measurement of hemodynamic variables. 13 Color-flow 


| Methods 
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Fallot and complete. — of great arteries). E 
Op erative mortality rates were not. statistically dit- 
compared. Also, the ope ‘ative — 

Yortality rates in 1985 for patients. with and: without 
preoperative catheterization were not statistically - 

different. In 1975, cardiac catheterization changed _ 
the primary clinical diagnosis in 21%. In 1985, the 
primary. diagnosis was not changed by catheteriza- | 

wever, 2-D and T echocardiogr 


























| | n nange fs iod. : 
closely related to the maximal utilization of a substi- 


(Am i4 TM ie esiti 


giography. 3-7 Advances in noninvasive investigation — 
have resulted in an increase in the number of cardiac a 
operations performed without preoperative catheter- · 
ization.9-3* The study reported here was performed to. 
determine the impact of 2-D and Doppler echocardi- 
ography on the care of children aged 2 yearsand youn-. 












resented an era just before the introduction of. 2-D- 






cardiography was well established’? and. Doppler 























mapping ("Doppler angiography”) was in an. ear 
phase of validation. E 






Patients: We reviewed the records of all childre Rs 





















l A TA examination: M-mode echo- 
.cardiography was available in 1975 but had limited 
impact on management or catheterization decisions 
for patients suspected of having congenital heart le- 
sions. In 1985, wide-angle 2-D. echocardiography with 
.5.0-, 7.5-, or 10.0-MHz transducers was used predomi- 
o nantly. Also, most of the patients underwent pulsed 
. wave or continuous wave Doppler examination or 
both. The techniques have been reported.16-15 
Data analysis: The following data were collected: 













il to the Mayo Clinic, results of cardiovascular 
ination, results of echocardiography and cardiac 
catheterization and management (including all deci- 
sions, operations and outcomes). “Unique catheter- 
<> -ization findings" were information provided by the 
. invasive procedure but not accurately identified by 
"S echocardiography. Echocardiographic findings were 
unique if they had been completely missed by cathe- 
terization or judged by the investigator to be beyond 
the resolution of the angiographic technique. 

All data were analyzed to determine answers to the 
ying questions. Was there a decrease in the use of 
ac catheterization between 1975 and 1985? If so, 
it be attributed to the use of high-quality 2-D and 
Doppler? Were there specific cardiac diseases on 
:2-D and Doppler produced the greatest impact? 
at was the impact of 2-D and Doppler on the clini- 
al and operative decisions for these children? 


. Results 
-^. The review involved 161 children seen in 1975 
i (group 1) and 206 seen in 1985 (group 2). The mean ages 
at presentation for the 2 groups were not differ- 
ent. Two-D echocardiographic studies had been per- 
ormed on 159 (77%) of the group 2 patients. 
-Cardiac catheterization: Group 1: Of these 161 pa- 
ts, 88 (55%) had had at least 1 cardiac catheteriza- 
, either at the Mayo Clinic (77 patients, with 3 
g2 procedures in the same year} or at the refer- 
nstitution (29 patients). In 18 of the 29 patients 
d elsewhere, a repeat catheterization was per- 
rmed at the Mayo Clinic. — — 

Group 2: Of these 206 patients, 85 (41%) had cardiac 
atheterization either at the Mayo Clinic (43 patients, 
with 4 having 2 procedures in the same year) or at the 
-referring hospital (42 patients). The decrease in pro- 
portion of patients catheterized at the Mayo Clinic in 
.1985, 21% compared with 48% in 1975, was highly 
significant (p <0.0001). In 16 of the 42 patients studied 
sewhere, cardiac catheterization was repeated at our 
on. This. decrease in repeat catheterization, 
ith 62% in 1975, 
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and manner of onset of heart disease, age at 


pulmonary hemodynamics in 3, small hemodyn 


. operation. 


was not statistically we Cardiac surgery: 





ood In 9 6 patiants, e their opera was — no 
warranted because the disease was very mild ( 












sided cardiac syndrome in 1 patient each]. 

In 1985, 29 (67%) of 43 patients catheterized a 
Mayo Clinic had a cardiac operation soon aftei 
procedure. Of the 14 patients who did not ha 
operation, 1 had mild pulmonary stenosis and 1 } 
dilated cardiomyopathy (endomyocardial biops 
performed); for 11 of the 14 patients, it was decidi 
defer operation until a later date. One criticall 
patient with complex heart disease died befor 
operation could be performed. - 

Comparisons between. cardiac catheteriza 
and echocardiography: Unique information: In ‘ 
the proportions of instances of unique inform: 
provided by cardiac catheterization (11 in 43 pati 
26%) and 2-D echocardiography (37 in 159 pa 
23%) were similar. Cardiac catheterization r 
identified certain abnormalities associated with 
major diagnosis: coronary artery abnormalities. 
patients, pulmonary artery anomalies in 2, abno 
































cally insignificant muscular ventricular septal di 
in 3 and patent ductus arteriosus associated wi 
complex anomaly in 1. Unique findings by 2-D e 
cardiography involved internal cardiac crux anat 
in 25 patients (anomalies of the atrioventricular v. 
in 12, of the ventricular septum in 7 and of the a 
septum in 6), the outflow tract in 8 (left ventricula 
and right ventricular in 1) and miscellaneous lesio 
4 patients ("embryonic" myocardium i in 1, perica: 
effusion in 2 and mural tumor in 1]. 
Change in diagnosis: In 1975, for 16 (21%) of tf 
patients catheterized the diagnosis was changed b 
catheterization procedure. Two patients diagn 
clinically to have ventricular septal defect and 
stein's anomaly, respectively, were found to have 
lated patent ductus arteriosus, and 1 patient wi 
precatheterization diagnosis of total anomalou 
monary venous connection turned out to have an 
lated secundum atrial septal defect. 
In 1985, because of a detailed precatheterizatit 
D and Doppler examination, no primary diagnosi: 
changed by catheterization. This difference from 
was statistically significant (p «0.01). However, in 
2-D and Doppler studies did change the primary c 
cal diagnosis in 29 (18%) of the 159 patients. ' 
similar to the proportion of diagnoses changed b; 
eterization in 1975. Eight of the 29 patients wer 
to have no congenital anomaly by 2-D and Di 
examination, and 5 patients were found to have c 
serious heart disease, which directly resulted: 






















































Group. 1: Sixty-one (38 



























































ry atresia with ventricular septal defect in 1]; 
;'atient was critically ill and the clinical findings 
' typical. At operation the diagnosis was con- 
ed in each instance. 

roup 2: Eighty-two (40%) of these 206 children 
a cardiac operation, and 52 (63%) of them had 
erative catheterization: 23 (449:) at the referring 
al and 29 (56%) at the Mayo Clinic. 

| 1985, 30 (37%) of the 82 patients undergoing op- 
on did not have cardiac catheterization before op- 
on (this proportion was 10% in 1975). Of these 30 
ients, 24 (80%) had a corrective operation: patent 
(tus arteriosus, 10; arterial switch operation for 
iplete transposition of the great arteries, 3; Senning 
peration, 1; repair of complete atrioventricular canal, 
epair of truncus arteriosus, 2; patch closure of atrial 
| ventricular septal defects, 1; subclavian flap angi- 
ity for coarctation of the aorta, 1; and aortic valvot- 
y in 2 and pulmonary valvotomy in 1 for critical 
sis. Three patients died (1 each with atrioventric- 
canal, truncus arteriosus and complete transposi- 
of the great arteries). No patient had an incom- 
-or incorrect diagnosis. 

illiative procedures were performed on 6 (20%) 
nts: first-stage palliation for hypoplastic left heart 
rome, 3 patients; pulmonary artery banding, 2; 
Blalock-Taussig shunt, 1. | 
omparison of groups The proportion of opera- 
performed without prior catheterization in 1985, 
was significantly increased (p «0.0001) over that 
79, 10%. If patients catheterized at a referring 
itution are excluded, there was a significant (p 
001) decrease in the proportion of preoperative car- 
c catheterizations performed at the Mayo Clinic, 
om 88% in 1975 to 49% in 1985. However, the opera- 
mortality rate in 1975 did not differ significantly 


-w Cath./op. ratio 











ps E * 
E 1. Mayo Clinic catheterizations (Cath) for congenital heart 
and total echocardiographic studies (Echo). Procedures 
as percentages of peak incidence. The ratio of catheter- 


1975 76 77 78 79 
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ati iso. 














at of patients who had - 
erative catheterization in 








1985. 

Management of ten common congenital heart le- 
sions: Ten common congenital lesions (Table I) were 
assessed for change in use of catheterization. Only 
isolated major lesions were considered, with the ex- 
ception of complete transposition of the great arteries 
associated with ventricular septal defect or patent duc- 
tus arteriosus. The observed decrease in the use — 
of catheterization was significant for 7 of the 10 diag- 
noses. 


Discussion 

The evolution of echocardiography over the last 
decade has had a profound impact on the practice of 
cardiology, mainly in pediatric cardiology in the man- 
agement of congenital heart disease. 2-D and Doppler 
echocardiography is now considered an essential com- 
ponent in the practice of pediatric cardiology.7-13.19-21 
However, with an evolving technology, the true impact 
of an individual modality is difficult to demonstrate 
and the endpoints, such as decreased need for ventric- 
ulography or better management of a clinical problem, 
are often subjective. 

In the Mayo Clinic practice there has been a contin- 
ual decrease in the number of cardiac catheterizations 
for all pediatric age subgroups despite a stable number 
of clinical referrals and surgical procedures (Figure 1) 
and a stable age distribution of referred patients. 
There are several possible reasons to explain this. The 
quality and completeness of clinical, 2-D and Doppler 
and angiographic evaluations from referring institu- _ 
tions have improved over the past decade, and so there _ 
has been less need to repeat referral studies at our — 
institution (62% in 1975 and 38% in 1985). ay 

The proportion of patients who had an invasive — 
study at their referring institution did not change, de- — 
spite the decrease in the overall rate of cardiac cathe- 
terization at the Mayo Clinic (48% in 1975 and 21% in 
1985). The percentage of patients referred for opera- 
tion has not significantly changed (38% in 1975 and 
40% in 1985). Yet the number of patients catheterized 
preoperatively at the Mayo Clinic has decreased, from _ 
82% in 1975 to 56% in 1985, and the number of patients _ 
operated on without preoperative catheterization has - 
increased, from 10% in 1975 to 37% in 1985. Witha _ 
stable clinical practice, as seen at the Mayo Clinic, one 
assumes that the change in use of catheterization is 
attributable to use of a suitable substitute modality— .. 
namely, 2-D and Doppler echocardiography. > 

Significant decreases in use of cardiac catheter- 
ization have been noted in specific congenital heart 
diseases (Table I) Others have reported a similar 
trend.1%21.22 Assessment of extracardiac anatomy re- 
mains the weakest aspect of 2-D echocardiography. 
For example, we did not see a significant decrease 


pro 1 of angiographic p 





































1975 


Patients 
Diagnosis 


isolated patent. ductus 14 50 


arteriosus 


"Secundum atrial * — wg 87 


defect - 


Simple ventricular M .33 39 


septal defect - 


Tetralogy of Fallot — ^ 8 100 


Complete transposition. 10 
of the great arteries” i 


Atrioventricular canal pA G 80 


detects . 
Aortic valve. stenosis 


Pulmonary stenosis: with. F 1 i 60 


intact ventricular ” 


Coarctation of the aorta RO | 86 


Catheterized 
(no.) (96) 


1985 


Patients Catheterized 
(no.) (36) 


15 0 
10 | 0 
40 15 


11 55 
13 || 861 


8 25 


7 H 
13 39 


* Patients who had ——“ odtheterization at the referring institution: are not included unless angiographic and 


ynamic data were not available. 
"square or Fisher s. exact test. 


é sess. extracardiac anatomy: and specific hemody- 


BANT ME 


features. There has been an increase in use of 
zation resources. for | herapeutic. catheteriza- 
echocardiographically directed procedures, 


l gi 
ding balloon angioplas y for stenotic valves and 


els.23-25 The goal conti 

dical and surgical man gement of children with 

ongenital heart disease and. not an decreas- 
gt the use of catheterization. i 
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dn addition to the previously well-described abnor- · 
malities. of the mitral and aortic valves in several — — 
pes of mucopolysaccharide storage disease, we | 
ort patchy involvement. in some cases, 3 in- — 
es of asy nme á ; septal hypertrophy not previ- - 












asiy re mucopolysaccharide storage dis- _ 
 eases, cardiac involvement in half of our patients 
. with Sanfilippo s > and a lack of age-related 






severity of cardiac involvement even within the spe- 
cific syndri 


(Am J Cardiol 1988;61:170-176) - 





















rdiac involvement has been reported in all forms Methods 

1ucopolysaccharide storage disease.!-!9 An exten- __ 
review in 1972 reported the clinical and electro- 

iographic findings in 32 patients with mucopoly- 

haride storage disease (mostly Hunter and Hurler 
lromes}, but made little note of individual abnor- 

ties specific to the various syndromes." In part, this 
been because the earlier articles diagnosed mu- 
ysaccharide storage disease mainly on clinical 

ds or the urinary toluidine blue spot test, both of 

. may lead to misclassification. 

r this reason, we undertook in 1979 a study of all 

en presenting to our institution with clinical mu- 

ysaccharide storage diseases whose definitive di- 


All patients presenting to our institution who wer 
identified by the Genetic-Metabolic Service as ha 
| mucopolysaccharide storage disease by lysosom 
zyme assay were referred for cardiac evaluation. T 
evaluation consisted of a clinical assessment, chest ra- _ 
| diograph and scalar electrocardiogram. From 1979 toc 
1982, echocardiographic assessment was limited to ko 
the M-mode echocardiogram. From 1982 to 1985 both 2 
M-mode and 2-dimensional (2-D) studies were per- - 
formed and after 1985, M-mode, 2-D and Doppler . 
studies were included. Before 1985 Irex 2A {Irex Corp.) __ 
or ATL-500 (Advanced Technologies Laboratories) im- . 
sis was made using lysosomal enzyme assays. Pa- aging equipment was used. After 1985, all studies were - 
M wore evaluated. cnféBllv, electrocar diographi- performed on a Hewlett-Packard 77020A ultrasound. 
nd echocardiographically, and, when indicated, system with a 77500B strip chart recorder (Hewlett 
bests 4 were performed on an individual basis. We Packard Co.). Studies were performed in whatever pa 
Pid aaumbors f abnormali ties utall detested. tient position ensured the best patient cooperation: an 
ardi hi ally A y dj, optimal visualization of cardiac structures and 
cardiographically, some not previously reporte . patterns. Nonstandard patient positions and trans 
— a . er orientations were frequently necessary due to 
the ‘Department of Pediatrics The University of Texas common finding of chest wall deformity in these 
School at Houston, Houston, and University Children’s tients. Younger patients were studied with the assis 
i -Hermanh, Houston, Texas. Manuscript received tance of parents to ensure cooperation and seda 


| Was. diis d, especially i in patients with. moder 










































Patient — (yrs) SF 














Hurler syndrome 


1 2 / N N 
2 125 MR+ N N 
3 2 MM + =- 
4 10 . MR+ N N 
§ 4 1. + -= 
6 3 — MR + = 





Scheie. syndrome. 
128 . AS/AR/MR N N 
2 M 48 N N 
Hurler-Scheie compound. 
1 5 oo CMRE + N 
2 B4. Uu + N 
T e N N 
4 8 oF N N 
Hunter syndrome — 7^ 
1 10 — AR++/MR++ * N 
2 5. “ASAR — N N 
4 3 N N 
abe de N N 
6 21 N N 
7. 4. N N 
Sanfilippo syndrome — 
540.722 1 N N 
:029 — 20 as N N 
ae PC. N. N 
4 0 4 ON N 
5 B / ON N 
6. 8 / N N 
1. 9 -AR N N 
2. 4^ f N N 
37 45 749 v 








As = abnormal (see text); AoV = aortic — AR = aortic regurgitation; AS B : gore —* ASH = asymmetric 
septal hypertrophy; Ausc = = auscultatory; Echo = echocardiography; EFE = endocardial fibroelastosis; ESRD = = end 
left ventricular end-diastolic dimension; N 
mitral regurgitation; | MV = mitral valve; N = normal; Pi = pulmonic insufficiency; PMV = = posterior mitral valve: RVAW 
= right ventricular. anterior wall; ‘SAM = systolic anterior mitral motion; SF = = shortening fraction; SVT = = supraventric- 
= decreased; / = not done or not present. i 





stage renal disease; | Exam = examination; LVED = 


utar tachycardia; Te = thick; — = increased; m 





were sedated with 50 os 75 ; mg/kg of chloral 
ate before the procedure. 
g short or medium focus 5- 















, 9.9- or 2 25- MgHz 





marked variation in age-specific heights and weights 


iographic measurements were compared. with pub- 
ished normal data according. to ‘body. surface area.!9 











— September 1979 and — 1987, 29 pa- 


RVAW MV AoV 


TUA AUR VIRA — ———— —— — —— —— — — — — — — — — — — — —— — 


to evaluation of growth. fail re, mental retar 
Images. were obtained vision problems, joint contractures or other ano 
'ansducers, depending on patient age and size and. 
e depth of structures to be visualized. Because of the- 


from <5th percentile to >95th percentile), echocar- | 
eases (rib thickening and vertebral abnormalities 


tion). The quality of the electrocardiographic 
13 male, 16 female) were studied. Table I shows. 


own of pa jents b und ; lying. mucopoly- _ ingful estimation of PR and QT intervals : 





Echo 









Doppler 
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AS/AR/MR+ / 


N T oT 

N T T / / 

N T N  MR+4++ j 

/ T N MR+ / 

+ T A MRt+ ASH 
N T T ARASMR+H+ MF 

N T A / MR 

N T N / / 

N T N / / 

N T UNO / / 

N T N | f / 

N T N | MRt / 

N T/PMV N (4 / 

N. NG N dea / 

N T/PMV N a; * / 

N N N / / 

N N N A / 
N N N N ASH 
N N N Ood. MF 

N SAM N a ASH 
N N N UN / 



















The clinical findings were frequently varia 
specific to the underlying mucopolysaccharide : S 
diseases. No consistent abnormalities in the che 
diograph or electrocardiogram were found othei 
those: (1) related to mucopolysaccharide storage d 











(2) reflective of other clinically or echocardiog : 
cally evident heart disease (cardiomegaly or lef 
abnormality with moderate to severe mitral reg 








ings was variable and frequently did not peri 










hich have been r por ed to be 


































thisa 
graphic and Doppler findings, and will be divid- 
the basis of type of mucopolysaccharide storage 
se because the type of cardiac involvement in 
ny patients seems to be specific to the underlying 
order. 

Hurler syndrome: The patients with Hurler syn- 
ne tended to be the most difficult to study because 
heir frequently severe mental retardation, upper 
vay obstruction and chest wall deformity. All tend- 
0 be small, with weights ranging from «5th percen- 
ileto the 25th percentile, and height «5th percentile to 
e 50th percentile. Of these patients, 3 had normal 
inical cardiac examinations (no murmur or a soft 
yw murmur at the upper sternal margin). Four pa- 
ts had clinical mitral regurgitation with a grade 2 to 
blowing holosystolic murmur radiating to the axil- 
but at the time of echocardiogram, none was in 
nical congestive heart failure. No patient had a com- 















velocity 












i diastol- 





he patients had dilated left 


ventricles (end-diastolic dimension >the 95th percen- 
tile for body surface area) and diminished shortening 
fractions (0.21 to 0.25) (Figure 1). Three of these 4 pa- 
tients and 1 other also had an abnormally thick-walled 
right ventricle. 

Scheie syndrome: Two sisters with Scheie syn- 
drome were seen in the course of this study. Patient 1, 
when initially seen at age 19 years, had clinical evi- 
dence of aortic stenosis of a mild degree with no evi- 
dence of regurgitation. The initial echocardiogram 
showed a markedly thickened left coronary cusp of the 
aortic valve, which appeared to be nearly completely 


FIGURE 2. Patient 1 with Schele syndrome. A, pulsed Doppler study 
in the left ventricular outflow tract from the apical position. Peak | 
forward flow velocity (below the baseline) is normal. There Is early _ 
diastolic flow toward the transducer consistent with mild to moder- 
ate aortic insufficiency. B, continuous wave Doppler interrogation of _ 
the ascending aorta from the right upper sternal margin. Peak 
forward flow velocity is 4 ms, consistent with a valvar gradient of 64 - 
mm Hg. C, M-mode echocardiography. The mitral valve (MV) is- 
thickened with multiple systolic and diastolic echoes. D, continuous 
wave Doppler interrogation of the mitral valve from the apex. Peak . 
flow velocities are slightly increased, but there Is high - 
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immobile and a normal mitral valve. Cardiac catheter- 
ization confirmed aortic stenosis (transaortic gradient 
of 35 mm Hg) and regurgitation with well-preserved 
left ventricular function. When last studied at 23 years 
of age, she had moderate aortic regurgitation and ste- 
nosis with a Doppler-estimated gradient across the 
aortic valve of 64 mm Hg and mild to moderate mitral 
insufficiency. Her mitral valve, which previously had 
not appeared abnormal, was moderately thickened 
(Figure 2D). Her 14-year-old sister had a soft basal 
ejection murmur that radiated to the right upper ster- 
nal margin but her cardiac examination was otherwise 
normal. Her echocardiogram showed aortic and mitral 
valve involvement similar to that of her sister, but in 
her case it was the noncoronary aortic cusp that was 
thickened and immobile (Figure 3A). 

Hurler-Scheie compound: Four patients with Hur- 
ler-Scheie compound were seen. Once again, there 
was an apparent age-related growth failure. Of these 4 
patients, 3 had insignificant auscultatory findings, but 
patient 1 had evidence of moderate mitral regurgita- 
tion with a diastolic flow rumble. His electrocardio- 
gram was normal, but his echocardiogram showed 
thickening of the mitral valve leaflets and a dilated left 
atrium and left ventricle with a normal shortening 
fraction (Figure 4). Doppler mapping of the left atrium 
showed severe mitral regurgitation. Patient 2 had no 
murmur, but a thickened mitral valve on echocardiog- 
raphy and mild mitral regurgitation on Doppler exami- 
nation. Patient 3 had a normal auscultatory exami- 
nation and his echocardiogram showed a thickened 
mitral valve and no Doppler evidence of mitral regur- 
gitation, but he had a dilated left ventricle with normal 
shortening fraction. The most severely affected was 
patient 4, who had increasing upper airway obstruc- 
tion due to paratracheal mucopolysaccharide deposi- 
tion. Her echocardiogram showed discrete bulging of 
the interventricular septum into the left ventricular 
outflow tract (Figure 5A). There was no systolic anteri- 
or mitral motion, but there was restricted opening of 





FIGURE 3. Two-dimensional echocardiograms of patient 2 with 
Scheie. A, parasternal long-axis view. Note the thickened posterior 
(noncoronary) cusp of the aortic valve. B, parasternal short-axis 
view. Note the modular, irregular thickening of the aortic valve 
giving the effective orifice a starlike appearance. C, apical 4-cham- 
ber view. The mitral valve is thick and echogenic (compare the 
tricuspid valve). The left atrium is slightly enlarged and the pulmo- 
nary veins are dilated. AO = aorta; LA = left atrium; LV = left 
ventricle; RA = right atrium; RV = right ventricle. 





the aortic valve as well (Figure 5B). She underwent 
cardiac catheterization to assess right-sided hemody- 
namics and was found to have mild pulmonary hyper- 
tension. A tracheostomy was performed for relief of 
the obstruction. After discharge from the hospital, she 
developed frequent and prolonged episodes of supra- 
ventricular tachycardia that were difficult to control 
with the usual drugs (digoxin, propranolol and verapa- 
mil). She subsequently underwent electrophysiologic 
study and the arrhythmia is now controlled with encai- 
nide therapy. 

Hunter syndrome: The 7 patients with Hunter syn- 
drome, being more normal in intelligence, were more 
cooperative and-therefore easier to study. There was a 
noticeable age-related growth failure in these patients 
also. Three patients had either no heart murmur or a 
nonspecific flow murmur at the base of the heart. Two 
had murmurs suggestive of mild mitral regurgitation 
alone (2 to 3/6 holosystolic murmur at the apex), 1 had 
moderate mitral and aortic regurgitation and 1 had 
mild aortic stenosis and insufficiency. All had echo- 
cardiographic thickening of the mitral valve with mul- 
tiple systolic echoes that appeared identical to the ab- 
normality seen in the Hurler syndrome (Figure 6A). 
Patient 1 with aortic and mitral insufficiency also had 
mitral flutter and a dilated, hypertrophic left ventricle 
(Figure 6A) and multiple systolic and diastolic echoes 
in the aortic valve (Figure 6B). Patient 2 with aortic 
stenosis and insufficiency had a slightly thickened aor- 


FIGURE 4. Apical 5-chamber view of patient 1 with Hurler-Scheie 
compound. The left atrium (LA) and left ventricle (LV) are dilated 
and the mitral valve (separating them) is thickened and echogenic. 
RA = right atrium; RV = right ventricle. 
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tic valve whose cusps coapted poorly during diastole 
and domed during systole (Figure 7A). 

Sanfilippo syndrome: The patients with Sanfilippo 
syndrome were some of the most difficult to study due 
to their severe mental retardation. However, the judi- 
cious use of sedation (chloral hydrate, 75 mg/kg) and 
cooperation with the accompanying parent usually 
permitted adequate study. Growth retardation was ev- 
ident in adolescent patients. All but 1 of the patients 
had a normal cardiac examination. Patient 1 had a soft, 
blowing early diastolic murmur of pulmonic insuffi- 
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ciency at the right upper sternal border. Her echocar- 
diogram was normal except for mild thickening of only 
the posterior leaflet of the mitral valve (Figure 8A). 
This patient's 23-year old sister had a normal cardiac 
examination and echocardiogram, but she had been 
followed at another institution for 8 years with a diag- 
nosis of endocardial fibroelastosis that eventually re- 
solved spontaneously. Patient 3 had a normal cardiac 
examination and normal echocardiogram with the ex- 
ception of a thick posterior mitral leaflet (Figure 8B). 
The other 4 patients had normal cardiac examinations 





FIGURE 5. Patient 4 with Hurler- 
Scheie compound. A, parasternal 
long-axis view. A discrete bulge 
is seen in the upper part of the 
interventricular septum (arrow), 
separating the body of the left 
ventricle (LV) from the outflow 
tract. The mitral valve is slightly 
thickened and echogenic, and the 
aortic valve leaflets are incom- 
pletely open. B, M-mode echo- 
cardiogram. Excursion of the 
valve leaflets within the aortic 
root is reduced. AO = aorta; LA = 
left atrium; RV = right ventricle; 
RVOT - right ventricular outflow 
tract. 


FIGURE 6. Patient 1 with Hurler 
syndrome. M-mode echoes. A, 
the left ventricle is dilated and 
the posterior left ventricular wall 
is thickened. The mitral valve 
has multiple systolic echoes and 
shows flutter (MF) in early dias- 
tole. B, the left atrium is dilated 
and the aortic valve shows multi- 
ple systolic and diastolic echoes. 
AO - aorta; LA - left atrium; LV 
= left ventricle; RV = right ventri- 
cle; RVOT = right ventricular out- 
flow tract. 
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and normal appearing cardiac valves. Patient 6 had 
asymmetric septal hypertrophy. He had no murmur 
suggestive of left ventricular outflow obstruction or 
echocardiographic evidence of abnormal motion of 
the mitral valve or aortic valve. Pulsed Doppler exami- 
nation showed no jet indicative of stenosis, although 
there was a greater than usual amount of spectral dis- 
persion in the ascending aorta. 

Morquio syndrome: We evaluated 3 patients with 
Morquio syndrome. Patient 1 had a high-frequency, 
early diastolic murmur of aortic regurgitation associ- 
ated with a slightly overactive precordium and in- 
creased pulses. The echocardiogram showed a slightly 
dilated aorta and mitral flutter consistent with aortic 
regurgitation, and the Doppler examination confirmed 
the presence of significant, but mild aortic regurgita- 





FIGURE 7. Patient 2 with Hunter syndrome, parasternal long axis 
view. A, diastolic frame. The aortic valve (AOV) leaflets are closed 
but coapt poorly. The posterior leaflet is thickened. B, systolic 
frame. The aortic valve domes, opening incompletely during systo- 
le. LA = left atrium; LV = left ventricle; RV = right ventricle. 





lippo syndrome showing selective thickening of the posterior mitral 
valve (PMV) leaflet. 
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tion. The other 2 patients had normal cardiac examina- 
tions. Patient 2, however, had discrete septal hypertro- 
phy protruding into the left ventricular outflow tract 
and M-mode evidence of abnormal systolic anterior 
motion of the mitral valve (Figure 9) with a mildly 
dilated left atrium. No Doppler examination was per- 
formed. 


Discussion 


The previously published reports of large series of 
patients with cardiac involvement in mucopolysaccha- 
ride storage disease have been concerned mainly with 
the more common Hurler and Hunter syndromes.1-!4 
Our findings confirm previous reports of marked mi- 
tral thickening and early death in cardiorespiratory 
failure in patients with Hurler syndrome. Four of our 
patients with Hurler syndrome had diminished short- 
ening fractions, only 2 of whom had clinically detect- 
able mitral regurgitation. This cardiomyopathy seems 
out of proportion to the severity of mitral regurgitation 
and may reflect coronary artery stenosis which has 
previously been reported.» One of our 3 patients with 
Hurler syndrome who died had postmortem evidence 
of coronary narrowing. The right ventricular thicken- 
ing in patients with Hurler syndrome probably reflects 
the effects of chronic upper airway obstruction and is 
made more noticeable by the unusual echogenicity of 
the anterior pericardium. 

Textbooks of pediatrics and pediatric cardiology 
emphasize aortic valve involvement in Scheie syn- 
drome, either regurgitation or stenosis or both.!7-19 A 
report of sleep apnea in an 18-year-old student with 
Scheie syndrome mentioned only echocardiographic 
thickening of the mitral valve.» Our patients showed 
moderate abnormalities of both the aortic and mitral 





phy in parasternal long axis view. There is a discrete bulging of the 
upper part of the interventricular septum into the left ventricular 
outflow tract (arrow). B, M-mode echocardiography. Although the 
interventricular septum does not appear thick in this view, there is 
systolic anterior motion (SAM) of the mitral valve. AO — aorta; LA — 
left atrium; LV — left ventricle; RV — right ventricle. 









‘here have been a number of anecdotal reports of 
t disease in proved Hurler-Scheie syndrome: 
age brothers with calcitic mitral stenosis,’ a 22- 


oot involvement amd postmortem results for a 22- 
ar-old woman. This last patient had the interesting 
ding of collections of mucopolysaccharide-contain- 
-cells surrounding the sinoatrial and atrioventricu- 
‘nodes. The difficult to control supraventricular 
srhythmia in patient 4 may be related to just such 
icopolysaccharide deposition in the conducting sys- 
m. Our patients showed mitral valve involvement 
nilar to that reported elsewhere, but patients 1 and 2, 
th age 5 years, emphasize the age-related diversity 
xpression of the cardiac abnormality: 1 had no 
irmur and only mild Doppler mitral regurgitation, 
iereas the other had severe clinical and Doppler 
tral regurgitation. Asymmetric septal hypertrophy 
s not been reported previously i in mucopolysaccha- 
e storage disease. 

Patients with Hunter syndrome usually have a 
lder course than those with Hurler syndrome, but 
y are well known to have cardiac involvement. 
ung and Harper!? in 1982 reported on 31 patients 
h the "mild" form of Hunter syndrome. Fourteen of 
ir patients had died by the time of the report and 
d clinical and postmortem evidence of aortic or mi- 
valve, or both, thickening and regurgitation. Our 
ints have a similar spectrum of abnormalities and 
onsiderably younger than the Young and Harper 
ort and none has died. 

Only 1 case of cardiac involvement in Sanfilippo 
idrome has been reported, 3-year-old child with 
re mitral valve regurgitation and congestive heart 
lure requiring mitral valve replacement.!? Previous 
ew articles have suggested that Sanfilippo syn- 
ome is not associated with cardiac involvement.?4 
' demonstrate cardiac abnormalities in at least half 
the 6 patients studied (patchy mitral valve involve- 
ient in 2, and asymmetric septal hypertrophy in 1). 
Patients with Morquio syndrome are known to de- 
op aortic insufficiency, usually in adolescence,^1*- 
d Ireland and Rowlands" reported a case of an 
t with Morquio syndrome and severe mitral steno- 
Jne of our patients had clear clinical and echocar- 
raphic or Doppler evidence of aortic regurgitation 
years of age. We are unaware of previous reports 
symmetric septal hypertrophy or systolic anterior 
al motion in a patient with Morquio syndrome. 
linical and echocardiographic examination of pa- 
with mucopolysaccharide storage disease may 
ficult. Given this. difficulty, it must be borne 
d. — the absei e of auscultatory findings 
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apparently normal cardiac examinations had echo- P 
cardiographic abnormalities. We report echocardio- ` 
graphic abnormalities in half our patients with Sanfi- 
lippo syndrome, which has been previously reported 
to be free of cardiac involvement. One of these pa- 
tients (and 2 others: 1 each with Hurler-Scheie syn- 
drome and Morquio syndrome] had asymmetric septal 
hypertrophy, which is previously unreported in muco- 
polysaccharide storage disease. In none of our cases 
was there evidence of significant obstruction to left 
ventricular outflow, but 1 patient had systolic anterior 
mitral motion. Only continued follow-up will reveal 
the natural history of this lesion in mucopolysaccha- 
ride storage disease. Finally, cardiac involvement in 
mucopolysaccharide storage disease may be patchy 
(only the posterior mitral leaflet or irregular nodularity 
of the aortic valve}, and care must be taken to ensure 
that a complete echocardiographic examination is per- 
formed. 
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When you add these facts together, 
we hope you'll agree: PROMEGA is the most 
rational omega-3 adjunct to diet for patients at 
risk of developing CHD. PROMEGA: available 
in d Softgels and 600-mg Pearls. 
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No two are exactly alike. 


Because body chemistry 
differs from person to 
person, we often need 

a choice of drugs to 
treat the same illness. 


You ve heard it said that no two 
snowflakes are exactly alike. 
The variety is endless. Much 
the same is true of the human 
body. 


Take the case of two patients 
suffering from hypertension. 
Both under the care of the same 
physician, who prescribes the 
same medication for each. One 
patient responds to the medi- 
cation while the other reports 
unpleasant side-effects. Thanks 
to the diversity of drugs avail- 
able to treat this illness, the doc- 
tor is able to prescribe another 
medicine that works without 
the side effects. 

To maintain the high standards 
of quality care, and because 
some drugs work better than 


others on different people, it is 
essential to have this diversity. 


America’s research-based phar- 
maceutical companies are com- 
mitted to providing a wide 
range of drugs of the highest 
quality to serve the public. 
Why? Because the public is 
made up of different people 
requiring different treatment— 
even when they suffer from the 
same illness. 





Pharmaceutical 
Manufacturers 


Association 


IF A NEW MEDICINE CAN HELP 
WE'RE WORKING ON IT. 








symptomatic Form of Left Pulmonary Artery Slin 


CLAUDE DUPUIS, MD, GUY VAKSMANN, MD, CLAUDE PERNOT, 


MD, 


-RAYMOND GERARD, MD, JOSÉ MARTINEZ, MD, and HARKO VAN EGMOND, E 


kem wth m — severe 
on in infancy. The 


the group of vascular. anomalies compressing the 
hea, one of the least common but most severe is the 

ant left pulmonary artery, or vascular sling. In 
nomaly, the left pulmonary artery arises from the 
ronary artery and passes between the tra- 

| the esophagus toward the left lung. The left 

y artery thus compresses the superior part of 

ial right bronchus and, posteriorly, the distal 

the trachea and produces respiratory distress. 
surprisingly, this anomaly is considered as “usual- 
fatal during the first year of life, if not corrected.” 
The observation of 4 asymptomatic or mildly symp- 
omatic cases by one of us (C.D.) prompted this cooper- 
ative study, which allowed us to collect 4 other cases. 
is article defines the features of this asymptomatic 

l its md and discusses the indications for 


r ns Patient 1 was s observed i in x fone: pa- 
| Jac wie ep 3 in ancy patient 7 in 


pu the Aksdeuich Ziekenhuis, Ghent, “Belgium, 
ived June 2, 1987; revised manuscript peeved 
st 44 98 area 


mean follow-up of these 8 pationts was 10 yout 
(range 4 to 23), and * 1986, al all were in goor 


the disappearance of symptoms with time in pi tie 
with mild or even severe symptoms. E 

Determination of the prevalence of the asym 
atic form is largely conjectural; in fact, its reco, 
is the result of the chance meeting of a patient 
chest radiography is slightly abnormal with a s 
radiologist. The few cases that have been repor 
were considered as exceptions. To date, there a 
asymptomatic cases reported worldwide (Table I 
total number of reported cases of vascular slings i 
Because this form may be much more difficult 
ognize than the usual form, the prevalence is pr 
greater than 18%. In a cooperative study of 18 c 
vascular slings seen in 6 French centers, '* there 
asymptomatic. patients. At the present time, the d 
nosis of this form is easier than it used to be, ani 
prevalence is probably not as low as it was previo 
thought to be. 

The circumstances of discovery were vari 
Among the 18 cases of asymptomatic vascular s 
previously reported and our 8 cases, the anoma 
most often found by chance: routine chest radiogray 
before surgery or during the workup of miscell. 
disorders (n = 15). In 4 patients repeated resp 


infections led to an investigation of the chest; in 


ing a barium swallow examination. In 4 patie 
"cardiac" anomaly (3 cardiac malformations and 
nocent murmur] was the reason for angiocard 
phy. In 1 patient, a barium swallow was performe 
a gastroduodenal malformation, and in another, ¢ 
tory of stridor in infancy led to a barium swallow 
3-year-old child. Only once—in the postmortem 
ination ofa an ‘infant who died ofa megacolo 





Sex Diagnosis) Circumstances of Discovery Used Confirmation  Follow-u 


d Zetterquist,? 1959 Check-up after repair of hiatal hernia A 
d et al? 1962 Wheezing. Occluded right main bron- Right thoracotomy 
e chus 
Autopsy after treatment of Hirsch- Autopsy 
sprung disease 
Severe respiratory infection BS, A 
Unusual left lung vascularity Bronchogram, A 
Dysphagia BS, A 
Hemoptysis (associated bronchiecta- BS, Br, A 
sis) 
Routine radiograph BS, Br, A 
Continuous murmur of patent ductus BS, A 
arteriosus 
Treatment of alcoholism BS, A, fibroscopy 
Routine radiograph BS, A 
Routine radiograph BS, A 
Routine radiograph BS, A 
Heart catheterization and angiography BS, A 
Heart catheterization and angiography — BS, A 
Wheezing and cough in infancy BS, A 
Routine radiograph BS, DSA 
Routine radiograph BS, DSA 
Innocent murmur BS, A 
Abnormal chest radiograph BS, A 
Abnormal chest radiograph BS, CT, A 
Recurrent respiratory infections & BS, A 
gastroesophageal reflux 
Recurrent respiratory infections BS, A 
Recurrent respiratory infections BS, A 
Recurrent respiratory infections & BS, A 
stridor 
Recurrent respiratory infections & BS, A 
stridor 


"TT 


Murphy et al? 1964 


einberg,* 1964 


> > * > 


inkhammer,” 1969 


ile et al, 1970 
lip et al,? 1972 


ayer et al,'? 1976 

tten et al,'! 1977 

one et al, °? 1980 

one et al, '? 1980 
Gumbiner et al, 1980 
Gumbiner et al, '? 1980 
King and Walker, '* 1984 

joyaart et al, 5 1985 

D yasrt et al,'5 1985 
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‘angiography; Br = bronchoscopy; BS = barium swallow; CT = computed tomography: DSA = digital substraction angiography; G = good: UD = death u u 
j to the vascular sling. 


mass located between the trachea and esophagus radiologic examination of the thorax, some are in 
e level of the carina. Usually, the barium esopha- stant; the unequal aeration of the lungs,!? usually : 
am is more reliable for the diagnosis. Although i in in infants with the severe form, is rare in the asymp- — 
nteroposterior projection the esophagus is usually tomatic form. Inequality of the vascularity of the lungs . 
nted on the left side by the left pulmonary artery, was the reason for radiologic examination in the: 2 
ndentation is more characteristic in the lateraland cases reported by Steinberg.’ = 
blique projections (Figure 1). It is smooth, round and To affirm the diagnosis of vascular sling, the most $5 
idents the anterior wall of the esophagus at the level commonly used technique is selective angiocardiogra- 
the carina. It has an oblique angulation toward the phy (13 of 18 in the published reports, 7 of 8 in our 
ht shoulder. series) (Figure 2). The appearance of the pulmonar 
Vascular slings are the only vascular anomaliesthat angiogram is pathognomonic. The frontal view wa 
duce an anterior indentation on the esophagus; all initially proposed.!? Occasionally, however, in. this 
ther vascular anomalies that compressthetrachea projection, the shadow of the left pulmonary artery 
duce a posterior indentation on the esophagus ata superimposed over that of the pulmonary trunk a 
er level. However, this indentation may be small the right pulmonary artery, making identificatio 
thus unrecognized.” Moreover, the pulsatility of the exact site of the origin of the left pulmonary 
mass (which would indicate its vascular origin]isa ^ difficult. To avoid overlapping of dorsoventral st 
inconstant feature. Nevertheless, the barium eso- tures frequent in the straight anteroposterior vie 
logram is probably the simplest and most valuable following have been suggested: 
in detecting a vascular sling. Use of the left anterior oblique projection. 2 
ere may be a posterior indentation on the trachea Use of the sitting-up projection in which the 
ne level, whichis sometimes demonstrated by ds elevated 60° | to — from. a horizontal posit 
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FIGURE 1. Barium swallow study. Left, case 3: 
lateral view showing characteristic indentations of 
the anterior edge of the esophagus and the posteri- 
or of the trachea due to the retrotracheal course of 
the aberrant left pulmonary artery. Right, case 8: 
right anterior oblique view showing anterior inden- 
tation of the esophagus just above the level of the 
carina. 


ing only the left pulmonary artery (Figure 3). In case of 
associated cardiac malformations (a situation rarely 
observed in the asymptomatic form), the main pulmo- 
nary injection is better than a proximal site of injec- 
tion. This precaution is especially useful in complicat- 
ed infantile forms. 

Bronchography and bronchoscopy were recom- 
mended by some investigators.?!-?* Narrowing of the 
trachea by a posterior pulsatile mass was usually seen 
just above the level of the carina. Endobronchial ex- 
amination may also detect other abnormalities, such as 
an eparterial bronchus, bronchomalacia and complete 
tracheal rings with absence of the pars membranacea 
(napkin rings) but such abnormalities are probably less 
common in asymptomatic forms than in severe infan- 
tile forms. Bronchography might show the posterior 





indentation of the trachea, but this technique is poten- 
tially dangerous.?* 

Simultaneous bronchography and esophagography 
as described by Jacobson et al?! is probably more un- 
comfortable for the patient than useful for diagnosis. 
Bronchography and bronchoscopy are very unpleas- 
ant for the patient and difficult to justify in an asymp- 
tomatic subject. These are now obsolete diagnostic 
techniques for vascular sling. In fact, this diagnosis can 
now be established by 4 noninvasive examinations: 
digital subtraction angiography, computed tomogra- 
phy, echocardiography and magnetic resonance imag- 
ing. (We have not yet used the last.) 

For digital substraction angiography, the sug- 
gestions for conventional angiocardiography remain 
valid. 





FIGURE 2. Pulmonary angiograms, frontal view (left, case 5; right, case 8) showing the left pulmonary artery arising aberrantly from the 
right pulmonary artery and coursing across the midline to the left hilum. Notice that the anomaly is more conspicuous on the left angiogram 
than on the right one. On the right, the origin of the anomalous left pulmonary artery is obscured by the pulmonary trunk. Note the 
dextroversion of the heart and the stenosis of the right pulmonary artery (arrow). 
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Computed tomography with contrast enhancement 
by transaxial anatomic display has been used at least 4 
times as a noninvasive imaging method to confirm the 
diagnosis and to exclude other possibilities!926.27 (Fig- 
ure 4). This technique eliminates the need for cardiac 
catheterization and angiography in isolated forms of 
vascular slings. 





FIGURE 3. Case 5: selective injection into the aberrant left pulmo- 
nary artery. The tip of the catheter is located to the right of the 
trachea in the left pulmonary artery; this sign is pathognomonic. 
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FIGURE 4. Case 3. Computed tomography scan. Anomalous left 
pulmonary artery originates from the posterior part of the right 
pulmonary artery and continues posteriorly, behind the trachea to 
enter the left hilum. AA — aortic arch; DA — descending aorta; LPA 
= left pulmonary artery; RPA = right pulmonary artery; SVC = 
superior vena Cava. 








Echocardiography seems to be the simplest and 
most comfortable diagnostic method for the patient 
(Figure 5). The main echocardiographic signs were re- 
cently described by Yeager and al.?? The subxiphoid 
long-axis sweep and short-axis subxiphoid views show 
both the typical origin and initial course of the aber- 
rant left pulmonary artery. Besides, this method may 
reveal contingent associated cardiac abnormalities. It 
is probably less reliable when there is hyperinflation 
of 1 of the lungs with an anterior mediastinal hernia, 
which is usually seen in the infantile form. 

Prognosis and treatment: The prognosis and treat- 
ment of the different forms of vascular slings are vari- 
able. In the asymptomatic form, which is often discov- 
ered only in adolescence or in adulthood, the progno- 
sis is excellent. A few investigators have asserted that 
asymptomatic patients may become symptomatic with 
the late development of artheriosclerosis, but there is 
no convincing documentation. 

In some patients, symptoms and signs are not se- 
vere; for these patients, the diagnosis is often made 
only after the age of 18 months. Examples of this 
"mild" form are illustrated by patients 4, 5, and 6 of our 
series (Table I), patients 4 of Gumbiner's series!? and 1 
of the patients of Mustard et al,? who “was relieved of 
his symptoms by the division of the ligamentum arter- 
iosus." In such patients medical treatment of upper 
respiratory infections and close supervision can usual- 
ly help spontaneous improvement and permit the pa- 
tient to avoid surgery. Although Mustard et al reported 
improvement in their patient after section of the liga- 
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FIGURE 5. Case 4: echocardiographic sector view in the subxiphoid 
short axis plane demonstrating the left pulmonary artery (LPA) 
originating from the right pulmonary artery (RPA). The main pulmo- 
nary artery (MPA) does not bifurcate in the usual fashion and the 
left pulmonary artery is absent from its usual location. AO — aorta; 
RVOT - right ventricular outflow tract; Tr — trachea. 


other hand, patient 6 of our series was re- - 


f her symptoms by surgical treatment of gastro- 
iphageal reflux. Lobe has noted that some vascular 
ind slings were complicated by a gastroesopha- 
eflux (see reference 29 for a helpful reference 

g). The surgical treatment of the reflux sometimes 
proved the clinical situation dramatically. How- 
ver, as far as we know, no other investigators have 
sported the same observation. In the usual form of 
vascular slings, severe symptoms (stridor, wheezing 
| episodes of respiratory distress] appear early in 
fe, usually before the age of 3 months. It is likely that 
ew patients spontaneous improvement can occur, 
bserved in our patients 7 and 8 and in patient 5 


er? However, in two-thirds of the pa- - 


episodes of respiratory distress appear before 
month. These episodes justify calling in the 


urgeon i or, at least, tracheal intubation. When 


ich an infant is receiving respiratory assistance, 


ing of the respiratory will very often be impossi- - 


without surgical removal of the cause of the bron- 
cheal obstruction. Knowing that. surgical treat- 
eat hands? a (iba a survival rate dui 50% in even 
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cause bicuspid aortic valve (BAV) and coarctation 
the aorta (COA) frequently coexist,!-? it is reason- 
le to believe that these malformations result from a 
gle developmental diathesis. In 1972 McKusick? 
ded a third component. He suggested that manifes- 
ions of an abnormal aortic media are so frequently 
countered in patients with COA and with BAV as to 
ow postulation of a common underlying defect. In 
i clinical note he said "... BAV may be an expression 
a developmental defect of the arterial tree which is 
so expressed in COA in some, in cystic medial necro- 
in others, or in various combinations of these 
ee. 4 

H McKusick's suggestion is true, aortic aneurysm, 
pture and dissection join valvular aortic stenosis and 
ective endocarditis as potential hazards for patients 
th BAV and continue to threaten patients with COA 
after successful surgical repair. Numerous inves- 
ors have described one or another of these combi- 
tions, yet their clinical significance does not seem to 
widely appreciated. This essay will examine the 
rmation that supports McKusick’ s concept. 
Cystic medial necrosis," McKusick's marker of 
ntrinsically abnormal aortic media, is commonly 
tified in patients with COA. This finding may not, 
ver, be a definite marker of intrinsic weakness, 
his histologic pattern is seen in older patients with 
ross abnormality of the aorta? and may be absent 





















f the aortic wall.$? Schlatmann and Becker"? sug- 
xd that it is a nonspecific consequence of injury to 
aortic wall resulting from. hydraulic stress and sub- 
ient repair. The wall stress may, in this construct, 
It either from externally generated forces (e.g., hy- 
ension) or from dilatation attendant on intrinsic 
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her patients with clear evidence of intrinsic fragil- 
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medial weakness. Because the presence of cystic me- x 
dial necrosis cannot be taken as conclusive evidence . 
of intrinsic weakness, this discussion will focuson data 
that support the association of BAV or COA and clini- — 
cal manifestations of fragility of the aortic wall. E 
Clinical manifestations of aortic wall weakness . 
from any cause include dilatation (aneurysm), dissec- ` 
tion (limited or extensive longitudinal cleavage of the © 
media initiated by a tear in the intima) and rupture - 
(usually at the site of aneurysm or dissection). The - 
Marfan syndrome is the archetype.!? In this syndrome, 
aortic medial weakness is a component of a general- 
ized aberration in connective tissue. All 3 clin: 
manifestations of intrinsic medial weakness may be 
found and may often coexist. — 


Bicuspid Aortic Valve and 
Intrinsic Aortic Weakness 


Experiences with 2 patients with BAV. — asce 
ing aortic dilatation and rupture-dissection were cite 
by McKusick in 1972* and he suggested that the associ- - 
ation of BAV and cystic medial necrosis was more than - 
coincidence. He commented that the aortic lesions — 
were reminiscent of those found in the Marfan syn- - 
drome but neither patient had other features of that 
anomaly. 

Fenoglio et al!! found severe aortic regurgitatio 
due to ascending aortic root dilatation in 14 of 152 (99 
patients with BAV studied at necropsy: 6 of the 
patients had COA and 1 had syphilitic aortitis 

= et al!? studied 18 patients — 0 
































that E were — fuses of the Marfan * dr 
of the 18 patients (28%) had BAV; 2 of the 5 wit 
had COA. 


As is the c case e with ascending aortic a aneur ys 









requency se 
revalence of BAV in the genera bapulation 44 
| patients with aortic dissection studied at nec- 
by Larson and Edwards,’ 11 (9%) had BAV. 
f the 11 were younger than 30 years, an extraor- 
arily young age for aortic dissection. 

Viewed from the other perspective, dissection is 
encountered with unexpected frequency in patients 
with BAV. Fenoglio et al’! found 8 examples of aortic 
dissection among 152 (5%) patients with BAV studied 
at necropsy: 5 of the 8 were younger than 50 years. In 
their review of necropsy material, Larson and Ed- 
wards?? concluded that the frequency of proximal aor- 
tic dissection in patients with BAV was 10 times that in 
t overall necropsy population. E 


orti Stenosis and Aneurysm/ Dissection 
he Proximal Aorta 


‘hat proximal aortic aneurysm. and dissection may 
plicate aortic stenosis was first pointed out by 
Mc Kusick et al.1? Their occurrence has been reported 
bo th in association with the native valve and after 
operative replacement with a prosthesis.” 

Vhile altered hemodynamic stresses in the aortic 
ave been invoked to explain this, the well-docu- 
ed propensity for BAV to underlie aortic stenosis 
s for an alternate proposition: the aortic wall is 
sically weak in BAV patients asa part of a diathe- 
cluding BAV. The valve deformity, in turn, even- 
las aortic stenosis. Larson and Edwards? in their 












































"w. Despite a 10-fold increase in aortic dissection in 
patients with BAV, dissection was no more frequent in 
patients with aortic stenosis from all causes than in 
their general necropsy population. - 

- Thus, aortic dissection and ascending aortic dilata- 
tion seem clearly to be associated with BAV more of- 
1 n than would be expected by chance. The hemody- 
mic derangement produced by uncomplicated BAV 
ypears to be an insufficient explanation. Intrinsic 
ness of the aortic wall is a more attractive hypoth- 














tion of Coarctation of the Aorta and 
ic Weakness of the Aortic Media 


tic aneurysm and dissection are frequent in pa- 
with COA, and aortic rupture is the most com- 
cause of death in older patients with COA.'? 
1e authorities feel that the hypertension that ac- 
ipanies COA, accentuated by turbulence produced 
he coarcted segment or the BAV, provides an ade- 
jate explanation for these complications. Thus, to 
firm McKusick's hypothesis one must seek evi- 
e that systemic hypertension is not the complete 
iati ion. 






















necropsy study of aortic dissection support this 


esion i in ie ascending aorta in s E S paleni F medial ne necrosis in foarctation 1 ff the aorta. + Giroulation, 1987: 













| | pi 3 
fragility of the Bor wail provides an attract 
nation because this complication may occur d 
relief of hypertension.97?7 Moreover, the 
rence of dissection in the distal compartmen 
patient with COA? is also difficult to explain 
basis of hypertension alone. 

Thus, while the evidence does not allow a 
served conviction that intrinsic aortic medial ' 
ness and COA are associated, there are ground: 
strong suspicion that this is so. Maude Abbott, : 
classic review of COA in 1928,! seemed to have: 
nized this and to have identified a greater suscep 
ty to aortic rupture when BAV also was presen 
wrote, “The presence of a BAV appears to indic 
least in a portion of the cases in which it occ 
tendency to spontaneous rupture of the aorta, . 
this anomaly occurred in quite half the cases so 
nating. A causal relation between these 3. conditio 
not clear, but it seems probably that the thini 
which is not infrequently seen in the wall of th 
cending aorta in these cases, may be also of conge 
origin and due to the same arrest of development 
led to an incomplete evolution of the endocard 
cushions destined to become the aortic cusps. 
such a thinned area would yield more readily to fort 
dissecting aneurysm, with later rupture under the 
creased pressure that exists in the upper part of | 
body in adult coarctation, would appear to be s 
evident.” E 

From a practical standpoint, whether or not on 
believes that an intrinsic fragility of the ascendinga 
ta accompanies BAV and COA, ascending aortic anet 
rysm and dissection are potential threats to such- 
tients. Modern imaging techniques may allow us 
identify the potential for aortic rupture before th 
saster occurs. Moreover, these imaging modalitie 
now be applied to enhance our understanding o 
association of these anomalies. Several intere 
questions come readily to mind. With what frequ 
is aortic root dilatation (“anuloaortic ectasia") ide: 
able in BAV patients? Is poststenotic dilatation 1 
common in valvular aortic stenosis when the 
was congenitally biscuspid? How often does aorti 
latation occur after successful COA repair? And, 
ly, is rupture more frequent in COA patients 
BAV? 
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dobutamine produces less increase in heart rate and less decrease in peripheral 
resistance for a given inotropic effect than does isoproterenol. 
ents with depressed cardiac function, both dobutamine and isoproterenol increase 
irdiac output to a similar degree. In the case of dobutamine, this increase is usually not 
ccompanied by marked increases in heart rate (although tachycardia is occasionally 
served), and the cardiac stroke volume is usually increased. In contrast. isoproterenol 
ises the cardiac index primarily by increasing the heart rate while stroke volume 
'angés little or declines. 
Facilitation of atrioventricular conduction has been observed in human electrophysio- 
gic studies and in patients with atrial fibrillation. 
stemic vascular resistance is usually decreased with administration of dobutamine. 
sionally, minimum vasoconstriction has been observed. 
clinical experience with dobutamine is short-term— up to several hours in duration. 
ited number of patients who were studied for 24, 48, and 72 hours, a persistent 
3 in cardiac output occurred in some, whereas the output of others returned toward 
B values. 
inset of action of Dobutrex Solution is within one to two minutes; however, as much 
vihutes fhay be required to obtain the peak effect of a particular infusion rate. 
plasma half-life of dobutamine in humans is two minutes. The principal routes of 
sm are methylation of the catechol and conjugation. in human urine, the major 

products are the conjugates of dobutamine and 3-O-methy! dobutamine. The 
thy! derivative of dobutamine is inactive. 
ation of synaptic concentrations of catecholamines with either reserpine or tricyclic 
ressants does not alter the actions of dobutamine in animals, which indicates that 
stions of dobutamine are not dependent on presynaptic mechanisms. 
ations and Usage: Dobutrex Solution is indicated when parenteral therapy is 
ssary for inotropic support in the short-term treatment of adults with cardiac decom- 
3 tion due to depressed contractility resulting either from organic heart disease or from 
ac surgical procedures. 
patients who have atrial fibrillation with rapid ventricular response, a digitalis prepara- 
suid be used prior to institution of therapy with Dobutrex. 
raindications: Dobutrex Solution is contraindicated in patients with idiopathic hy- 
"irophic subaortic stenosis and in patients who have shown previous manifestations of 
jersensitivity to Dobutrex. 
ings: 1. Increase in Heart Rate or Blood Pressure-—Dobutrex Solution may cause a 
rked increase in heart rate or blood pressure. especially systolic pressure. Approxi- 
tely 10% of patients in clinical studies have hac rate increases of 30 beats/minute or 
ind about 75% have had a 50-mm Hg or greater increase in systolic pressure. 
ion of dosage usually reverses these effects promptly. Because dobutamine facili- 
trioventricular conduction, patients with atrial fibrillation are at risk of developing 
ventricular response. Patients with preexisting hypertension appear to face an 
sed risk of developing an exaggerated pressor response. 
topic Activity -—Dobutrex Solution may precipitate or exacerbate ventricular ectopic 
ut it rarely has caused ventricular tachycardia. 
persensitivity —Reactions suggestive of hyparsensitivity associated with adminis- 
of Dobutrex Solution, including skin rash, fewer, eosinophilia, and bronchospasm, 
been reported occasionally. 
obutrex Solution contains sodium bisulfite, a sulfite that may cause allergic-type 
ns. including anaphylactic symptoms and life-threatening or less severe asthmatic 
es, in certain susceptible people. The overall prevalence of sulfite sensitivity in the 
! population i is unknown and probably low. Sulfite sensitivity is seen more frequently 
natic than in nonasthmatic peopie. — 
tions: 1. During the administration of Dobutrex Solution, as with any 
nergic agent, ECG and blood pressure should be continuously monitored. In 
ition, pulmonary wedge pressure and cardiac output should be monitored 
'henever possible to aid in the safe and effective infusion of Dobutrex Solution. 
+2: Hypovolemia should be corrected with suitable volume expanders before treatment 
ith Dobutrex Solution is instituted. 
:3. Animal studies indicate that dobutamine may be ineffective if the patient has recently 
received a 8-blocking drug. In such a case, the peripheral vascular resistance may increase. 
No improvement may be observed in the presence of marked mechanical obstruction, 
has severe valvular aortic stenosis. 
isage Following Acute Myocardial infarction -- Clinical experience with Dobutrex Solu- 
tollowing myocardial infarction has been insufficient to establish the safety of the drug 
this use. There is concern that any agent which increases contractile force and heart 
ate may increase the size of an infarction by intensifying ischemia, but it is not known 
whether dobutamine does so. 
Usage in Pregnancy Reproduction studies performed in rats and rabbits have revealed 
9 evidence of impaired fertility, harm to the fetus, or teratogenic effects due to dobutamine. 
PES drug has not been — to — women and should be used only 















































































a ig interactions—-There was no evidence of drug interactions in clincial studies in 
Dobutrex Solution was administered concurrently with other drugs, including digitalis 
ations, furosemide, spironolactone, lidocaine, glyceryl trinitrate, isosorbide dinitrate, 
hine, atropine, heparin, protamine, potassium chioride, folic acid. and aceta- 
nophen. Preliminary studies indicate that the concomitant use of dobutamine and 
oprusside results in a higher cardiac output and, usually, a lower pulmonary wedge 
sure than when either drug is used alone. 
verse Reactions: increased Heart Rate, Blood Pressure, and Ventricular Ectopic 
Vity-—A 10- to 20-mm increase in systolic blood pressure and an increase in heart rate of 
5 beats/minute have been noted in most patients. (See Warnings regarding exagger- 
otropic and pressor effects.) Approximately 5% of patients have had increased 
ventricular beats during infusions. These effects are dose related. 
neous Lincommon Elects- The following adverse effects have been reported 
patients: nausea, headache, anginal pain, nonspecific chest pain, palpitations, 
$ of breath. 
ial laboratory values attributable to Dobutrex Solution have been observed. 
m Safety— infusions of up to 72 hours have revealed no adverse effects other 
yen with shorter infusions. 

|n case of overdosage, as evidenced by excessive alteration of blood 
ichycardia, reduce the rate of administration or temporarily discontinue 
| the patient's condition stabilizes. Because the duration of action. of 
l — no — — measures. are necessary. 
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INDICATIONS AND USAGE 
This drug product has been conditionally approved by the FDA 
for the prevention and treatment of angina pectoris due to 
coronary artery disease. The conditional approval reflects a 
determination that the drug may be marketed while further 
investigation of its effectiveness is undertaken. A final 
evaluation of the effectiveness of the product will be announced 
by the FDA. 


CONTRAINDICATIONS 
Intolerance of organic nitrate drugs, marked anemia, increased 
intraocular pressure or increased intracranial pressure 


WARNINGS 

In patients with acute myocardial infarction or congestive heart 
failure, Transderm-Nitro system should be used under careful 
Clinical and/or hemodynamic monitoring. 

In terminating treatment of anginal patients, both the dosage and 
frequency of application must be gradually reduced over a period of 
4 to 6 weeks to prevent sudden withdrawal reactions, which are 
characteristic of all vasodilators in the nitroglycerin class. 
Transdermal nitroglycerin systems should be removed before 
attempting defibrillation or cardioversion because of the potential 
for altered electrical conductivity which may enhance the possibility 
of arcing, a phenomenon associated with the use of defibrillators. 












PRECAUTIONS 
Symptoms of hypotension, such as faintness, weakness or 
dizziness, particularly orthostatic hypotension may be due to 
overdosage. When these symptoms occur, the dosage should be 
reduced or use of the product discontinued. 
Transderm-Nitro system is not intended for immediate relief of 
anginal attacks. For this purpose occasional use of the sublingual 
preparations may be necessary. 
ADVERSE REACTIONS 
Transient headaches are the most common side effect, especially 
when higher doses of the drug are used. These headaches should be 
treated with mild analgesics while Transderm-Nitro therapy is 
continued. When such headaches are unresponsive to treatment, 
the nitroglycerin dosage should be reduced or use of the product 
discontinued. 
Adverse reactions reported less frequently include hypotension, 
increased heart rate, faintness, flushing, dizziness, nausea and 
vomiting. These symptoms are attributable to the known pharma- 
cologic effects of nitroglycerin, but may be symptoms of overdos- 
age. When they persist the dose should be reduced or use of the 
product discontinued. In some patients, dermatitis may occur. 
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5 mg/24 hr system to the desired area of skin. Many patients prefer 
the chest; if hair is likely to interfere with system adhesion or 
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system is designed to remain in place for 24 hours, and each 
successive application should be to a different skin area. 
Transderm-Nitro system should not be applied to the distal parts of 
the extremities. 


The usual dosage is one Transderm-Nitro 5 mg/24 hr system. 
Some patients, however, may require the Transderm-Nitro 10 mg/ 
24 hr system. If a single Transderm-Nitro 5 mg/24 hr system fails to 
provide adequate clinical response, the patient should be instructed 
to remove it and apply either two Transderm-Nitro 5 mg/24 hr 
systems or one Transderm-Nitro 10 mg/24 hr system. More 
systems may be added as indicated by continued careful monitoring 
of clinical response. The Transderm-Nitro 2.5 mg/24 hr system is 
useful principally for decreasing the dosage gradually, though it 
may provide adequate therapy for some patients when used alone. 
The optimal dosage should be selected based upon the clinical 
response, side effects, and the effects of therapy upon blood 
pressure. The greatest attainable decrease in resting blood pressure 
that is not associated with clinical symptoms of hypotension 
especially during orthostasis indicates the optimal dosage. To 
decrease adverse reactions, the size and/or number of systems 
should be tailored to the individual patient's needs. 
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ate. postoperative atherosclerosis of a saphenous 
n ( SV) used for coronary artery bypass grafting 
ABG) is frequent. Only 40 to 45% of such SV grafts 
ave a normal angiographic appearance 10 years after 
.BG.1-? Saphenous vein graft aneurysms occurring 4 
6 months after CABG are likely related to venous 
ves.* Late graft aneurysms associated with athero- 
osis are unusual.56 The present study describes 
cal pathologic and radiologic findings in 5 pa- 
who had aneurysms of atherosclerotic SVs used 
onduits for CABG. 
| patients were admitted to Brigham and Wom- 
lospital for repeat cardiac catheterization 6 to 10 
fter CABG with SVs. Multiple projections in- 
ig the right and left anterior oblique (with both 
and cranial angulation) and the anteroposterior 
ys were obtained of the native coronary arteries 
the SV grafts. All 5 patients subsequently under- 
nt repeat CABG. The aneurysmal segments of the 
grafts were removed, fixed in formalin, embedded 
araffin, sectioned and stained with hematoxylin 


ho Departments of Medicine fGardiovasciilar Division], 

ogy, ‘Surgery (Division of Cardiac and Thoracic Surgery) 

thology, Brigham and Women’s Hospital, Boston, Massa- 
02115. Manuscript received June 8, 1987; revised manu- 
ceived and accepted September 8, 1987. 


and eosin, Masson’s trichrome stain (for collage 
Voerhoff's stain (for elastin). Clinical, radiologic 
pathologic data are summarized in Table I and Fig 
1 through 3. " 
The 5 patients studied (mean age 57 years) had 
tiple risk factors for coronary atherosclerosis. Bi 
the first CABG all 5 patients had multivessel coi 
artery disease and after CABG all were free of 
for an average of 8.5 years. All 5 patients, how 
developed recurrent, unstable angina that was re 
tory to combined therapy with nitrates, 8 blockers 
calcium antagonists. One patient had a non-Q-v 
myocardial infarction. Repeat cardiac catheteriz 
demonstrated progression of native coronary a 
disease from high grade stenoses to complete o 
sion in 5 patients and evidence of significant gi 


lesions. 


All SV grafts were tortuous with relative lumi 
narrowing and multiple areas of focal dilatation ( 
ures 1 through 3]. The graft lumens appeared to b 
least as large as that of the native coronary art 
throughout, but the flow of contrast material was 
slow. Moreover, round soft tissue densities were 
ed, into which there was apparent extravasatio 
contrast. This extravasation initially was believec 
represent contrast outside the lumen of the graft a: 
patient 1, the contrast material appeared as a` 
nodular density i in the mediastinum on the poster 
terior projection of the chest radiograph (Figure 

All SV grafts had severe atherosclerosis and 
tained multiple aneurysms, the largest measurin 
cm in diameter. In 1 patient, there were 3 aneur 
adjacent to one another in a segment of abou 
(Figure 1). All aneurysms contained complicate 
erosclerotic plaque and superimposed, poorly 
nized thrombi that nearly filled the lumen (Figu 
and 2). The thrombi contained many channels i 
unorganized portion. The apparent extravasation 
resented contrast medium in the channels withi 


TABLE! Summary of Clinical, Radiologic and Pathologic Features in the Five Patients 


Clinical 

Grafted Duration 

Age Coronary Graft 

Pt (yrs) Sex Artery (yrs) 


LAD Unstable angina 


Myocardial infarction 


1 
2 
3 M : Unstable angina 
4 56M © OM Unstable angina 
5 


Unstable angina — 


Radiologic Pathologic 


Apparent Type of 


ischemic Syndrome Extravasation Aneurysm  Thrombus Calcification 


True + 
True + 
True + 
True + 
False + 
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FIGURE 1. Multiple true aneurysms in a single graft (patient 1). A, right anterior 
oblique projection of the graft to the left anterior descending shows a round soft- 
tissue density (arrows) around graft. B, anteroposterior projection of the same region 
shows feathery collection of contrast filling late (arrow). C and D, gross photos of 
removed aneurysms: C, external view, distal aspect to the left; D, cross-section of 
most distal aneurysm shows near-complete thrombosis with irregular, eccentric 
lumen, and a channel to the unorganized center of the thrombus (arrows). E, 
photomicrograph of wall of aneurysm shows intimal atheroma (*) with medial 
atrophy and loss of elastic tissue. Elastic tissue stain, magnification X 60. 
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thrombi. Microscopically, the aneurysm walls had in- 
timal atheroma with medial atrophy, loss of elastic 
tissue and a necrotic center with a fibrous cap. One 
patient had a false aneurysm (Figure 3) with 2 lumens 
present: a patent true lumen and a medial dissection 
with a large, poorly organized hematoma in a false 
lumen, bounded by a thin fibrous wall composed of 
only external media and adventia. Microscopically, 
the fibrous wall separating true and false lumens con- 
sisted of intima and atheroma. An intimal flap repre- 
senting the site of partial wall rupture was noted. The 
atheromas in 3 patients were calcified. 


} 
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One study reported that 6 of a selected group of 42 
patients who underwent repeat CABG or had an au- 
topsy 6 to 12 years after the initial CABG had ath- 
erosclerotic aneurysms,® but the frequency of ath- 
erosclerotic aneurysmal dilatation of SV grafts is 
unknown. Pathologic characterization of a graft aneu- 
rysm and associated clinical findings and angiograph- 
ic appearance have not been reported previously. Ath- 
erosclerotic aneurysms of aortocoronary SV grafts can 
be associated with recurrent myocardial ischemia. 
Pseudoextravasation is an important but previously 
unrecognized angiographic appearance of coronary 





FIGURE 2. True aneurysms (patients 3 and 4). A, right anterior oblique projection of the graft to the left anterior descending in patient 3 
shows a region of relative stenosis distal to a subtle collection (arrow). B, shallow left anterior oblique shows graft ectasia proximally with 
feathery circumferential collections (patient 4). C, gross photo of sectioned aneurysm of patient 3 demonstrates nearly thrombosed lumen 
and fine long thrombus removed from distal vessel. D, gross photo of sectioned aneurysm of patient 4 shows partial thrombosis with 


peripheral channels. 
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vein graft failure. With increasing numbers of aorto- 
coronary SV grafts functioning over extended periods, 
it is likely that the frequency of aneurysms and other 
complications of vein graft atherosclerosis will also 
increase. 
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FIGURE 3. Pseudoaneurysm (patient 5). A, left anterior oblique 
projection of the graft to the posterior descending shows short 
segment with luminal irregularities and constriction (arrows). B, 
cross sections of removed aneurysmal graft segment shows 2 lu- 
mens, a patent true lumen (arrows) and a medial dissection with 
hematoma. C, fibrous wall separating true (7) and false (F) lumens 
composed of intima with atheroma (*) and a portion of media with 
fragmented elastic tissue. At top, the wall of the partially organized 
hematoma is apparent. Elastic tissue stain, magnification X 60. 
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2:assed since the first meeting of this kind was held 
ears since the second conterence in Rome. The 
state of the art with biologic and bioprosthetic 
e become a regular 3-yearly fixture reflecting 
ment of these devices, as well as the desire of 
emics working in this field to share e experiences, 
idto resolve problems together. 
g brought together surgeons, cardiologists, 
s, and. basic s scientists, and the 3-day program 
nal presentations with nearly 7 hours of 
t to. the session chairmen and participants 
vere frank, outspoken, but fair and always to 
have been added to this volume, and they 
its value. 
corporates the work of the best specialists in the 
not be missing from your own professional 
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lain diarrheal states. 

Gf potassium sails in patients receiving diuretics for uncomplicated essential hyperten- 
unnecessary when such patients have a normal dietary pattern. Serum potassium 

: — hae icali » — and if ees — OCCufs, dan — wi ith 


f pee increase in serum potassium — n such patiaris can — Ree: 
Hyperkalemia may complicate any of the following conditions: Chronic renal failure. systemic 


such as diabetic — — dehydration, extensive tissue breakdown as if Severe em 


i — forms of oleae chloride Supp lements ae contraindicated in any patient in 
ere is Cause for arrest or delay in tablet — ng. the UEM tract. in these 


s: yperkalemia —in patients with impaired rapchanishts lor excreting potassium, the ad- 
f potassium salts can produce hyperkalemia and cardiac arrest. This occurs most com- 
tients given — hy the intravenous route but may also occur in patients given 
iy. Potentially fatal hyperkalemia can develop ranidly and be asymptomatic. The use of 
ats in patients with chronic renal disease, or any other condition which impairs potas- 
ation. requires particularly careful monitoring of the serum potassium concentration and 
rapae dosage adjustment. 
interaction with Potassium Sparing Diuretics-—Hypokalemia should not be treated by the con- 
tant administration of potassium salts and a potassium-sparing diuretic (e.g. spiranotactone or 


8) since the simultaneous administration of these agents can produce severe hyperkalemia. 


itrointestinal Lesions —Potassiom chioride tablets have produced stenotic and/or ulcerative 
rons of the smali bowel and deaths. These lesions are caused by a high localized concentration of 
um ion in the region of a rapidly dissolving Tablet, which injures the bowel wall and thereby 
foduces obstruction, hemorrhage cr perforation. 
tablets contain micra-crystatioids which disperse upon disintegration of the tablet. These 
wystaligids are formulated to provide a controled release of potassium chionde. The dispersi- 
the micro- —— and the controlled release af ions from them are intended to minimize 
sibility of a high local concentration near the gastrointestinal mucosa and the ability of the KCI 
p stenosis or ulceration. Other means of accomplishing this {e.g., incorporation of potassium 
into a-wax matrix) have reduced the frequency of such iesions to less than one per 100.000 
(compared to 40-50 per 100,000 patient years with enteric-coated potassium chioride) 
eliminated them. The frequency of Gi lesions with K-DUR tablets is, at present. 
-DUR tablets shouid be discontinued immediately and the possibility af bowel obstruction 
n considered if severe vomiting, abdominal pain, distention, or gastrointestinat bleeding 


potassium salt such as — T BHN potassium ci itrate, Olsen d acetate, of 
giuconate, 


TIONS: The diagnosis of potassium depletion is ordinarily made by de maang hypokaie- 
ain a patient with a chnical history suggesting some cause fer potassium depletion. in interpreting 
the serum potassium ievel, the physician should bear in mind that acute alkalosis per se can produce 
Yokalernia in the absence of a deficit in total body potassium while acute acidosis per se can in- 
ease the serum potassium concentration into the normal range even in the presence of a reduced 
total body potassium, The treatment of potassium depietion, particu arly in the presence of ue 
sp renal disease, or acidosis requires careful attention to acid-base balance and apprapriat 
nitoring of serum electrolytes, the electrocardiogram, and the clinical status of the patient. 
a oratory Tests: Regular serum potassium determinations are recommended. in addition. during 
nt of potassium depletion, careful attention should be paid to acid-base balance, other 
Ar levels, the electrocardiogram, and the clinical status of the patient, particularly in 
of cardiac disease, tana! disease, of acidosis. 
teractions: Potassium-snaring diuretics: see WARNINGS. 
inesis, Mutagenesis, Impairment of Fertility: Long-term carcinogenicity studies in 
& not bean performed. 
Pra nancy Category C: Animal reproduction studies have not been conducted with K-DUR iis 
alsa-not known whether K-DUR can cause fetal harm when administered to a pregnant woman or can 
flect reproduction capacity. K-DUR shouid be given to a pregnant woman only if clearly needed. 
rsing Mathers: The normai potassium ion content of human milk is about 13 mEq per iter. Since 
otassium becomes part of the body potassium pool, so long as body potassium ts not exces- 
the contribution of potassium chloride supplementation should have little or no effect on the 


'ediatric Use: Satety and effectiveness in children have not been established. 


DVERSE REACTIONS: One of the most severe adverse effects is hyperkalemia (see CONTRAINDICATIONS, 
ARNINGS, and OVERDOSAGE). There have also been reports of upper ane lower gastrointestinal 
ons including obstruction, bleeding. ulceration, and perforation (see CONTRAINDICATIONS 
NINGSY other factors known fo be associated with such conditions were present in many of 
atients. 
gi common adverse reactions io oral potassium salts are nausea, vomiting, abdominal dis- 
d diarrhea. These ibi are due to inflation of the gastrointestinal tract and are best 
ard by taking the dose with meals or reducing the dose. 
sh has been reported rarely. 


SAGE: The administration of oral potassium salts to persons with normal excretory mecha- 
‘potassium rarely causes serious hyperkalemia. However if excretory mechanisms are im- 
or nntassium is administered too rapid! d intravenously, potentially fatal hyperkalemia can 
iwe CONTRAINDICATIONS and WARNIN * It is important to recognize that hyperkalemia is 
asymptomatic and may be manilasted only by an increased serum potassium concentration 
istic electrocardiographic changes (peaking of T-waves. loss of P-waves, depression of 
an prolongation of the OT interval), Late manifestations include muscle-paraiysis and 
aiiapse from cardiac arrest. 
easures for hyperkalemia include the follawing: 
foods and medications containing potassium and of — sparing diuretics. 
Ki minist Raton of 306 to 500 mi/hr of 1056 dexirose solution containing 10-20 units 


nt, with intravenous sodium bicarbonate. 
t peritoneal dialysis. 
atin ienis who have been stabilized on 
con can — di ae iS — 


Manual of 
Cardiac — 


BY EDWARD K. CHUNG, M.D. FACP, FACC. 0-914316-43- B 
November 1985, appx. 324 pp., $30.00 


The eminent clinician, professor, and medical writer Dr. Edward K 
Chung, has produced the most current "how to" manual on cardiac 
arrhythmias. The book has been formatted and edited tc facilitate i 
use as a ready reference to up-to-date material on diagnosing and 
managing arrhythmias commonly seen in daily clinical practice. Its 
purpose is not to discuss in-depth every aspect of various cardiac: 
rhythm problems, but rather to provide the reader with a concise e 
to-use guide. An invaluable resource for all physicians and allied: 
health professionals seeking to add to their clinical knowledge o 
complex topic without the necessity of purchasing. a large genera 
on cardiology. 


Cardiac Arrhyth 


Self Learning Companion Volume t 
Manual of Cardiac Arrhythmias 


BY EDWARD K. CHUNG, M.D., FAC.P, EAC.C. 0-91 431 
46-X, November 1985, appx. 440 pp., $30.00 


Conceived by Dr. Chung as a companion volume to Manual of Car 
diac Arrhythmias, this book includes 200 cases showing common 
cardiac arrhythmias frequently encountered in clinical practice. - 

Interpretation of the ECG training is aided by short case historie: 
The reverse side of each page gives a full analysis of the interpreta 
tion of the tracing, enabling readers to assess their own ECG diagn 
sis. In the majority of cases, three simultaneous ECG leads (leads \ 
H, and V.) recorded by 3-channel ECG equipment, are shown for: 
accurate diagnosis. In addition to the ECG diagnosis, the pertinent: 
clinical signitcance and therapeutic approach are included in man 
instances. 


SAVE $$ Special Offerl 


Order and pay for these books now, Manual of Cadac 
Arrhythmias, and Cardiac Arrhythmias: Self Learning, ~~ 
and pay $50.00. In order to qualify for these savings you... 
must use the order form provided and pre-pay your ý 
order by check or credit card. 


ORDER FORM Mail to: Yorke Medical Boo 


All Books Sent on 30 Day Approval Box C-757, Brooklyn, NY 11205 
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—— ..]:niciosed is my check for... which inciudes $1 501o al 
dling and the appropriate sales tax if | live in CA, CT, GA, IL. 
NY. OH, PA, or TX. Publisher pays postage. If | live outside 
Canada | have included an extra $5.00 per book and have 
check in US. dollars on a US. bank. 
G Please bill my G VISA O MasterCard 
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| The West's most advanced cardiac care center 
isn't at a major university. Or a large metro- 
politan medical center. Or a noted research 
center. It's here, at a community hospital — in 
Downey. Ks 

The Heart Center at Downey Community 
Hospital is a $6 million state-of-the-art cardiac 
care unit that brings cr some of the 
West's finest cardiac specialists and the most 


modern medical technology available. And 


everything — from floor plan to user-friendly 


equipment — was designed to complement 
physicians and staff | in the job of saving and 


extending lives, 
In the Heart Camere Dedicated Cardiac 
Catheterization Lab, our new Phili ips bi-plane 


cardi ovascular | imagi ng system and Digital Car- 


diac Imaging system provide time- -saving ease 
and accuracy in diagnosis and treatment, Q 
spacious, pleasant Cardiac Surgical Suite fea- 


tures advanced equipment such as a com- 


puterized heart-lung pump, the first portable 
stat lab, an intra-aortic balloon pump, and à ~ 
mobile femoral bypass machine. And DCHS- 
i8-bed Anderson Critical Care Center com- - 
bines quality, personalized nursing care with: 
innovative, advanced telemetric capabilities. 
The Heart Center has been called the “hos- 
pital of the future." And it's open now. In 
Downey.. J 
For more information on the Heart Center 
or employment opportunities, call or write for 
a free brochure. | 
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Prolonged Infusion of Urokinase for 
Recanalization of Chronically 
Occluded Aortocoronary Bypass 
Grafts 


JOSEPH HARTMANN, MD 
LOUIS McKEEVER, MD 
JULIO TERAN, MD 
VINCENT BUFALINO, MD 
JOSEPH MAREK, MD 
ALAN BROWN, MD 
MARK GOODWIN, MD 
FIROUZ AMIRPARVIZ, MD 
AMIR MOTARJEME, MD 


| ntravenous and intracoronary thrombolysis has been 
shown to be effective in lysing thrombi in the presence 
of acute myocardial infarction. Short-term infusion of 
thrombolytic agents has been used to reopen aortocor- 
onary bypass grafts that have been recently occluded. 
We describe a method of open chronically occluded 
bypass grafts with the long-term (17 to 70 hours) low 
dose (50,000 to 100,000 U/hr) infusion of urokinase 
delivered directly to the thrombus via an infusion 
wire. 


From the Section of Cardiology, Good Samaritan Hospital, 
Downers Grove, Illinois 60515. Manuscript received June 17, 
1987; revised manuscript received August 18, 1987, and accepted 
August 19. 





FIGURE 1. Angiographic catheter in occluded right coronary artery 
bypass graft. 
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Using the Judkins technique, an angiographic cath- 
eter is placed securely into the occluded bypass graft. 
An SOS 0.038 infusion wire is placed through a 
Toughy-Borst adapter into or through the proximal 
thrombus. A 0.014 guidewire may be inserted through 
the SOS wire to steer around bends if necessary. 
Urokinase, 50,000 U/hr, is infused both proximal- 
ly through the angiographic catheter and distally 
through the infusion wire (total 100,000 U/hr). The 
wire and catheter are sutured to the skin. Intravenous 
heparin is given to maintain the partial thromboplas- 
tin time between 70 and 150 seconds. Prophylactic 
antibiotics are administered. 

The patient is kept in the coronary care unit and 
angiographic visualization is performed 2 to 3 times a 
day via catheter and wire. The wire is advanced as the 
thrombus dissolves. Partial thromboplastin time and 
fibrinogen levels are obtained every 4 hours. Cryopre- 
cipitate is given if fibrinogen decreases to «200 mg. 

One thrombolysis has occurred, the distal offend- 
ing lesion can now be visualized and dilated with angi- 
oplasty (Figures 1 though 5). 


We have demonstrated success in clot lysis in pa- 
tients with documented thrombosis from 2 to 8 weeks 
duration in totally occluded saphenous vein bypass 
grafts. Others have successfully used a combination of 
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FIGURE 2. SOS infusion wire placed through thrombus. 
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lytic therapy and angioplasty to recanalize acutely oc- 
cluded bypass grafts.» To our knowledge all these 
reports involved infusion of lytic agents at the orifice 





FIGURE 4. Complete thrombolysis of proximal bypass graft. 





FIGURE 3. Partial recanalization at 48 hours with 
view of distal native right coronary artery. 


of a recently occluded bypass graft and occasionally 
proximal to the thrombus but not within the thrombus 
and with a relatively short infusion duration. In clots 
more than 1 week old, and when a large volume of clot 
exists, short-term infusion may not be effective be- 
cause of the volume of clot to be lysed. Also, as the clot 
organizes with time, lytic agents may not penetrate the 
thrombus sufficiently over shorter periods of infusion. 

We were able to successfully recanalize vessels 
with a method heretofore used only on peripheral ves- 
sels. Infusing urokinase directly into the bypass graft 
produced lysis of the thrombus in 11 of 12 patients with 
grafts occluded from 2 to 8 weeks by history (Table I). 
Two patients had no run-off despite widely patent, 
thrombus-free grafts. Both patients had infarctions in 
the distribution of the occluded graft. 

Once lysis begins, it is critical to continue the infu- 
sion until the vessel is free of clots because interrupt- 
ing the infusion prematurely results in rethrombosis 
within minutes. If stenotic lesions are identified afte 
clot lysis, angioplasty should be carried out to imd 
flow and decrease the likelihood of reformation of 
clot. All patients were treated with warfarin antico- 
agulation upon discharge. 

We believe this technique should be attempted in 
patients with ongoing ischemia in whom a grafted na- 
tive vessel cannot be dilated. We think this may be a 
safer technique in these types of patients than the use 
of only mechanical means of clot lysis with dilatation 
catheters, because the potential for distal embolization 
is significant. 

Although we were concerned about leaving cathe- 
ters and wires in the ascending aorta for this length of 
time, we had no complications related to this. Perhaps 
this is due to the meticulous titration of the heparin 
drip. We did not experience any serious bleeding com- 
plications. 

One of the advantages of this technique is that uro- 
kinase can be delivered in low dose but in high con- 
centration directly to the thrombus, thereby prevent- 


danuary 1,1988 THE AMERICAN JOURNAL OF CARDIOLOGY Volume61 191 








TABLE! Clinical Summary and Results 
Total 
Bypassed Duration of Duration of Urokinase 
Occluded Occlusion Infusion Dose 
Pt Artery (weeks) (hours) (units) Result 
1 LC 3 16 1,600,000 AP 
2 Right 2 24 2,300,000 AP 
3 LC 2 42 2,650,000 AP 
4 LAD 6 72 5,700,000 AN 
5 LAD 4 16 1,600,000 AP 
6 Right 4 18 870,000 AP 
7 LAD 3 17 1,650,000 AP 
8 LAD 2 16 1,600,000 AP 
9 Right 4 27 2,700,000 AP 
10 Right 3 18 1,750,000 U 
11 LC 5 70 6,290,000 AP 
12 LAD 3 24 2,500,000 AN 





AP = angioplasty; LAD = left anterior descending; LC = left circumflex; P = patent; N = no flow; U = unsuccessful. 


. FIGURE 5. Distal native right coronary 
artery after angioplasty of stenosis at 
insertion of bypass graft. 


ing systemic thrombolysis and subsequent compli- 
cations. Urokinase also has the advantage of not 
producing allergic reactions and it can be used again in 
the same patient. 


In summary, prolonged infusion of urokinase via an 
infusion wire directly into a completely occluded aor- 
tocoronary bypass can lyse the thrombus and provide 
adequate visualization of the offending lesion for angi- 
oplasty. This technique may offer a new treatment 
modality to previously bypassed patients who now 
have angina and a completely occluded bypass graft. 
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Polymorphic Ventricular Tachycardia 

as the Presenting Manifestation of 

Bjork-Shiley Mitral Prosthesis Strut 
Fracture 


RICHARD R. EDWARDS, MD 
JOSEPH A. ROBBINS, MD 


M echanical failure of Bjork-Shiley (B-S) prosthetic 
valves is uncommon, and usually presents with cardio- 
genic shock.! We report polymorphic ventricular 


From the Department of Medicine, Eastern Virginia Medical 
School, Norfolk, Virginia. Manuscript received August 13, 1987; 
revised manuscript received September 4 and accepted Sep- 
tember 5, 1987. 

Dr. Edwards's present address is The Bowman Gray School 
of Medicine, Department of Medicine, Division of Cardiology, 
Winston-Salem, North Carolina. 


tachycardia (VT) as an unusual presentation of B-S 
prosthetic valve strut fracture. 


A 59-year-old woman underwent B-S aortic and B- 
S mitral valve replacement in 1982. The mitral valve 
prosthesis was a 31-mm convexoconcave tilting disc 
valve. Postoperatively, she had done well except for 
intermittent atrial fibrillation. She presented to the 
emergency room in February 1986 with acute respira- 
tory distress, tachycardia and hypotension. The initial 
rhythm was polymorphic VT, which was poorly re- 
sponsive to lidocaine (Figure 1). Ausculation revealed 
only 1 prosthetic valve click. Fluoroscopy (Figure 2) 
and 2-dimensional echocardiography revealed the 
mitral disc to be freely floating in the ventricle. Sys- 
temic embolization of the disc was prevented by the 
aortic prosthesis. Emergent replacement of the mitral 
valve prosthesis was performed. The patient's VT re- 
solved after mitral prosthesis replacement. At opera- 
tion, the minor (outflow) strut was found to be frac- 
tured and later was recovered from the right femoral 
artery. After a complicated postoperative course, she 
recovered and has done well. 








FIGURE 2. Still frames taken from fluoroscopy showing the mitral 
disc (circled) free floating in the left ventricle. 


Polymorphic VT is usually a drug-induced arrhyth- 
mia caused by type Ia antiarrhythmic agents and is 
usually associated with QT-interval prolongation.? 
Our patient was taking disopyramide at the time of her 
VT. Despite this alternative explanation for the VT, 
the fluoroscopy demonstrated that the VT was me- 
chanically induced. The constantly changing electrical 
axis typical of polymorphic VT in our patient resulted 
from random sites of left ventricular endocardial disc 
impaction. 


1. Lindblom, Bjork B, Semb B. Mechanical failure of the Bjork-Shiley valve, 
incidence, clinica! presentation, and management. J Thorac Cardiovasc Surg 
1986;92:894-907. 

2. Sclarovsky S, Stasberg B, Lewin R, Agmon ]. Polymorphic ventricu- 
lar tachycardia: clinical features and treatment. Am |] Cardiol 1979;44: 
339-344. 
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traindications: Severe left ventricular dysfunction (see Warnings), hypo- 
t8ion (systolic pressure<90 mm Hg) or cardiogenic shock, sick sinus syndrome 
| pacemaker is present), 2nd- or 3rd-degree AV block (if no pacemaker is 
iy Siri flutter fibrillation with an accessory bypass tract (eg, WPW or LGL 
ndromes 
Warnings: Verapamil should be avoided in patients with severe left ventricular 
‘dysfunction (eg, ejection fraction« 309€) or moderate to severe symptoms of car- 
diac failure and in patients with any degree of ver iricular dysfunction if they are 
Teceiving a beta-adrenergic blocker. Control milosr heart fature with optimum 
digitalization and/or diuretics before Calan is used. Verapamil may occasionally 
produce a decrease in blood pressure below normal levels, which may result in 
dizziness or symptomatic hypotension. Elevations of fiver enzymes have been 
reported. Several cases of hepatocellular i injury have been demonstrated to be 
produced by verapamil. Periodic monitoring of liver function in patients on verap- 
amilis prudent. Some patients with paroxysmal and/or chronic atrial flutter/fibril- 
lation and an accessory AV pathway (eg, WPW or LGE syndromes) have devel- 
oped an increased antegrade conduction across the accessory pathway bypassing 
& AV node, producing a very rapid ventricular response or ventricular fibrillation 
‘after receiving t. V. verapamil (or digitalis], Because of this risk, oral verapamil is 
contraindicated in such patients, The effect of verapamil on AV conduction and 
the BA node may. cause asymptomatic 1st-degree AV block and transient brady- 
‘cardia; sometimes with nodal escape rhythms. PR-interval prolongation is corre- 
dated with verapamil plasma concentrations especially during initial titration. Higher 
degrees of AV block are infrequent (0.8%). Development of marked Tst-Gegree 
block or progression to 2nd- or Jrd-degree block requires reduction in dosage or, 
rarely, discontinuation and institution of appropriate therapy. Sinus bradycardia, 
2nd- degree AV block, sinus arrest, pulmonary edema and/or severe hypotension 
werte seen in some critically ill patients with hypertrophic cardiomyopathy who 
were treated with verapamil. 
Precautions: Verapamil should be given cautiously to patients with impaired 
hepatic function (in severe dysfunction use about 30% of the normal dose} or 
impaired renal function, and patients should be monitored for abnormal prolonga- 
tion of the PR interval or other signs of overdosage. — may decrease 
neuromuscular transmission in patients with Duchenne s muscular dystrophy and 
may prolong recovery from the neuromuscular blocking agent vecuronium. Ht may 
be necessary to decrease verapamit dosage in patients with attenuated neuromus- 
cular transmission. Studies in a small number of patients suggest that concomitant 
use of Calan and oral beta-adrenergic blockers may he beneficial in certain patients 
with chronic stable angina or hypertension. Combined therapy can also have ad- 
verse effects on cardiac function; therefore patients should be closely monitored. 
A decrease in matoprolo! clearance may occur with concurrent use of verapamil 
. and metoprolol. Chronic verapamil treatment increases serum digoxin levels by 
; 50% to 78% during the first week of therapy, which car result in digitalis toxicity. 
^ The digoxin dose should be reduced when verapamil is given, and the patient 
. reassassed. Verapamil used concomitantly: with oral antihypertensive agents will 
usually have an additive effect on lowering blood pressure that in some cases may 
- he excessive: therefore patients should be monitored appropriately. Disopyramide 
‘should not be given within 48 hours before or 24 hours after verapamil administra- 
. "tion. Until further data are obtained, combined verapamil and quinidine therapy in 
patients with hypertrophic cardiomyopathy should probably be avoided, since 
significant hypotension may result. Quinidine levels may increase during verapamil 
therapy. Clearance of verapamil may be reduced in concomitant use with cimeti- 
dine. Concomitant use of verapamil and lithium may result in decreased serum 
l lithium. levels, Verapamil therapy may increase carbamazepine concentrations dur- 
-ing combined use. Therapy with rifampin may markedly reduce oral verapamil 
© bioavailability. Concomitant use of inhalation anesthetics and calcium antagonists 
-- needs careful titration to avoid excessive cardiovascular depression. Verapamil 
: May potentiate the activity of neuromuscular blocking. agents (curare-like and de- 
n polarizing), dosage reduction may be. required. One study in rats did not suggest a 
~ tumorigenic potential, and verapamil was not mutagenic in the Ames test. Another 
study in rats showed no evidence of carcinogenicity: Pregnancy Category C. There 
are no adequate and well-controlled studies in pregnant women. This drug should 
| during pregnancy, labor. and delivery only if clearly needed. Verapamil is 
ate N broest milk; — — ipm be discontinued We verapamil 
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M.D., brings you the most important, most rec 
developments in clinical cardiology — in one: 
Featuring a concise, easy-to-read format, - 
Cardiology 1987 summarizes 858 of the. mo: 
significant articles published in 1986—from 
world’s leading journals. Cardiology 15 198 
order Yo copy —— 


TABLE OF CONTEN 
(Selected) v 


* Factors Causing or * Systemic Hyper n 
Accelerating Coronary © Arrhythmias, | 
Arterial Atherosclerosis Conduction Disturban 

* Coronary Artery and Cardiac Arrest- 
Disease e Valvular Heart Disea: 

e Acute Myocardial * Myocardial Heart D 
Infarction and Its * Congenital Heart. Di 
Consequences * Congestive Heart ^a 


517 pages — $55.00 — ISBN 0-914316- je 


Order Form Send onis to: 
4 — F Yorke Medical Boo! 
All books sent on e dae : 


30 day approval Brooklya, New York 


SPECIAL. DISCOUNT OFFER 

PLACE A STANDING ORDER TO RECEIVE EACH 

OF CARDIOLOGY ON 30 DAY APPROVAL, AND REC 
A 10% DISCOUNT ON THIS EDITION AND ON AM ao 
eee EDITIONS, 


i YES, please enter my standing order for Cardiology. 
that each edition ( published | once a year) will be automati 
shipped to me on 30 day approval and I will receive a 10% di 
. on this edition and on all future editions, (1987 edition disc 
price $49. 50)(00053) — 


CI Please send me a copy of Cardiology 1987 at the full prize. 
$55.00. I do not wish to place a — order. (000533... 
— send me the Jue: ing book fs ji — 1984 4 (0603 


Ts Cardiology 1983 (00032) $49. 50 | 
I [1 Enclosed i is E check for . 


1 Card Number c — EXD. Date 


| interbank no. (M/C) 
Signature. - 
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BREVIBLOC* INJECTION 
(esmolol hydrochloride) 10 m. Ampu-25g 


Briet Summary 
NOT FOR DIRECT INTRAVENOUS INJECTION, BREVIBLOC® MUST BE DILUTED 
PRIOR TO ITS INFUSION (SEE DOSAGE AND ADMINISTRATION SECTION). 


INDICATIONS A USAGE 


Supr Tachycardia 
BR VIBLOC* tesmoilot HCI) is indicated for the rapid control of ventricular rate in 
patients with atrial fibriltation or atrial flutter in perioperative, postoperative, or other 
emergent circumstances where short term control of ventricular rate with a short- 
acting agent is desirable. BREVIBLOC* is aiso indicated in noncompensatory 

nus tachycardia where, in the physician's judgement, the rapid heart rate requires 
specific intervention. BREVIBLOC® is not intended for use in chronic settings where 
transfer to etw nui is anticipated. 


CONTRAINDICA 
BREVIBLOC® (esmolol HCl) is contraindicated in patients with sinus bradycardia, 
heart block greater thar: first degree. cardiogenic shack or overt heart failure (see 


nds 


_ Hypotension: in ciinical trials 20-50% of patients treated with BREVIBLOCS 

: {esmolol HCI) have had hypotension, generally defined as systolic pressure less 

. than 90 mmHg and/or diastolic pressure less than 50 mmHg. About 1296 of the 

' patients have been symptomatic (mainly diaphoresis or dizziness) Hypotension 

" Can occur at any dose but is dose-related so that doses beyond 200 — 
are not recommended. Patients should be closely monitored, especially i! pretreat- 
ment blood pressure is low. Decrease of dose or termination of infusion reverses 
hypotension, usually within 30 minutes. 

Cardiac Failure: Sympathetic stimulation is necessary in supporting circulatory 

. function in congestive heart failure, and beta blockade carries the potential hazard 
of further depressing myocardial contractility and precipitating more severe failure. 


^* Continued depression of the myocardium with beta blocking agents over a period 


^. Offime can, in some cases, lead to cardiac failure, At the first sign or symptom of 

^ impending cardiac failure, the dosage should be reduced or BREVIBLOC® should 
. be withdrawn. Although this dosage adjustment or withdrawal may be sufficient 

i — of the short elimination halt-lite of BREVIBLOC*, specific treatment may 


^. aiso be considered. (See Overdos — 
broneho ic Diseases: PATI WITH BRONCHOSPASTIC DISEASES 
SHOULD, IN N GENERAL, NOT RECEIVE BETA BLOCKERS. Because of its 
relative beta: selectivity and titratability BREVIBLOC® may be — with caution in 
patients with bronchospastic diseases. However, since beta, selectivity is not 
absolute, BREVIBLOC® should be carefully titrated to obtain the — possible 
effective dose. In the event of bronchospasm. the infusion should be terminated 
immediately, a beta, stimulating agent may be administered if conditions warrant but 


should be used with particular Caution as patients already have rapid ventricular rates. 


Diabetes Mellitus and lycemia: BREVIBLOC® should be used with caution 
in diabetic patients requiring a beta-blocking agent. Beta blockers may mask 
. .tathycardia occurring with hypoglycemia, but other manifestations such as dizzi- 
. ness and sweating may not be significantly affected. 
-PR UTIONS 


General 
ion concentrations of 20 mg/mL were associated with more venous irritation 
d thrombophlebitis than concentrations of 10 mg/mi_. Concentrations greater 
an 10 mg/mL should. therefore. be avoided. 
se the acid metabolite of BREVIBLOC® is primarily excreted unchanged by 
itey. BREVIBLOC* (esmoloi HC!) should be administered with caution to 
with impaired renal function. The elimination half-life of the acid metabolite 
longed ten-fold and the plasma level was considerably elevated in patients 
id-stage renal disease. 
interactions 


lamine-depleting drugs. e.g., reserpine. may have an additive effect when 
h beta blocking agents. Patients treated concurrently with BREVIBLOC* 
itecholamine depietor should therefore be closely observed for evidence of 
potension or marked bradycardia, which may result in vertigo. syncope, or 
postural ‘hypotension. 
Astudy of interaction between BREVIBLOC® and wartarin showed that concomitant 
“administration of BREVIBLOC® and warfarin does not alter wartarin plasma levels. 
- BREVIBLOC* concentrations were equivocally higher when given with warfarin, but 
this is not likely to be clinically important. 
When digoxin and BREVIBLOC® (esmolol HCI) were concomitantly administered 
~ intravenously to normal volunteers, there was a 10-20% increase in digoxin blood 
levels at some time points. Digoxin did not affect BREVIBLOC® pharmacokinetics. 
When intravenous morphine and BREVIBLOC® were concomitantly administered in 
tmal subjects, no effect on morphine blood levels was seen. but BREVIBLOC* 
eady-state blood levels were increased by 46% in the presence of morphine. No 
Y rmacokinetic parameters were char 
j » effect of BREVIBLOC* on the duration of succinyicho! ine-induced neuro- 
muscular blockade was studied in patients undergoing surgery The onset of neu- 
omuscular blockade by Succinylcholine was unaffected by B EVIBLOC®, but the 
tion of neuromuscular blockade was prolonged from 5 minutes to 8 minutes. 
h the interactions observed in these studies do not appear to be of major 
importance, BREVISLOC*® should be titrated with caution in patients being 
concurrently with — morphine, succinylcholine or wartarin. 
rment of Fertil 


Be use of its short term usage no carcinogenicity, mutagenicity of reproductive 
performance studies have been conducted with BREVIBLOC®. 
Pregnancy Cc 


y 
— studies in rats at intravenous dosages of BREVIBLOC' up to 3000 


komin (ten times the maximum human maintenance dosage) for 30 minutes 
iy produced no evidence of maternal toxicity, embryotoxicity Qr — 
sage of s dosages oo 1080 me j — in 
venous dosages upto i oed 


were symptomatic. Asympiomatc lenao 
Hypotension resolved during BREVIBLOC® intus 
within 30 minutes after discontinuation of infusion in 80 
Diaphoresis accompanied hypotension in 10% of patients. Per 
occurred in aaproximately 1% of patients. Pallor, flushing, bradycardi 
less than 50 beats per minute). chest pain, syncope. pulmonary d hee 
block have each been reported in less than 1% of patients. In tw patients withe 
supraventricular tachycardia but with serious coronary artery disease (post i 
myocardial infarction or unstable angina), severe bradycardia/sinus pausé/asy 
has developed, reversible in both cases with discontinuation of treatment. =o. 
Central Nervous System— Dizziness has occurred in 3% of patients; somnol 
in 3%, confusion, headache, and agitation in about 2%, and fatigue in abou 
patients. Paresthesia, asthenia, depression, abnormal thinking, amaety, anore 
and lightheadedness were reported in less than 196 ot patients. One brief (30 
episode of grand mal seizure has been reported. 

--Bronchospasm, wheezing, dyspnea, nasal congestion, rhonchi, a 
rales have each been reported in less than 1% of patients. 
Gastrointestinal. Nausea was reported in 7% of patients. Vomiting has occu 
in about 1% of patients. Dyspepsia, constipation, dry mouth, and abdominal di 
comfort have 2 — occurred in less than 1% of patients. Taste perversion: has a 
been reporte PE 
Skin (Infusion Site) intusion site reactions including inflammation and. dur: 
were reported in about 8% of patients. Edema, erythema, skin discoloration: ; 
burning at the infusion site have each occurred in less than 1% of patients. 

neous. Zach of the following has been reported in less than 1% 0 
— Urinary retention, speech disorder, abnormal vision, midscapular pa 
rs, and fever l 
o ERDOSAGE 
Acute To 
A single case of accidental overdosage with BREVIBLOC® (esmolol HCD fies 
occurred to date. & 5000 mcg/kg/min dose of BREVIBLOC® instead of the: 
mended 500 mcogékg/min loading dose, was administered over one minute 
patient with atrial Hutter immediately following the infusion, marked decreases 
heart rate and blood pressure were observed and the patient became draws 
could be aroused. The infusion rate of BREVIBLOC® was decreased to 5 mcg/kg/ 
min and over tne next eight minutes the — rhythm converted to normal sini 
rhythm and the patient started feeling better. J— persisted for a periodo 
four minutes after decreasing the dosage of BREVIBLOC®. The drowsiness disap- 
peared 15 minutestoliowing discontinuation of BREVIBLOC®. 
Because ol its approximately 9-minute elimination half-life, the first step in the. even 
of toxicity should be to discontinue BREVIBLOC® administration. Then, based on 
pharmacologic actions, the following general measures should also be consider 
Bradycardia: intravenous administration of atropine or another anticholinergic d 
t Intravenous administration of a beta, stimulating agent. and/or. 

Ps NR pace derivative. 

‘allure: — administration of a diuretic and/or digitalis glycoside 
phan shock result: from inadequate cardiac contractility, intravenous administration 
of —— d damine, PELA tle eile or amrinone may be considered. 


DOSAGE 
NOT Aon SRECTNTRAVENC INTRAVENOUS INJECTION. BREVIBLOC®IS A CONCEN- 
TRATED, POTENT DRUG WHICH MUST BE DILUTED PRIOR TO ITS INFUSION, : 
BREVIBLOC® SHOULD NOT BE ADMIXED WITH SODIUM BICARBONATE. 
BREVIBLOC* SHOULD NOT BE MIXED WITH OTHER DRUGS PRIOR TO DILLI- 
TION IN A SUTTABLE INTRAVENOUS FLUID. 
Note: Parenteral drug products should be inspected visually for particulate matter 
and discoloration prior to administration, whenever solution and container permit... 
Dilution: Asepticaily remove 20 mi from a 500-mL bottle of one of the intravenous. 
fiuids (refer to full prescribing information for compatibility with commonly used: 
intravenous fuksi and nd add the contents of two (2) ampuls of BREVIBLOC* (e (e 

containing 2.5 g esmolol hydrochloride). This yields a final concentration of. . 

10 mg/m. The diluted solution is stable for at least 24 hours at room temperatü 
Note: Concentrations of BREVIBLOC® greater than 10 mg/mL are likely to prod: 
irtitation on continued infusion (see Precautions). BREVIBLOC® has, however, t 
well tolerated wherradministered via a central vein. 

ventricular Tach 

in the treatment of supraventricular tachycardia, responses to BREVIBLOC® usuali 
(over 95%) occur within the range of 50 to 200 mcg/kg/min. The average effective 
dosage is approximately 100 mcg/kg/min although dosages as low as 25 megk 
min have been adeguate in some patients. Dosages as high as 300 mcg/kgimi 
have been used, but these provide littie added effect and an increased rate of 
adverse effects, and are not recommended. Do: of BREVIBLOC® in supraven- 
tricular tachycardia: must be individualized by titration in which each step consists: 
of a ioading dosage followed by a maintenance dosage. 
To initiate treatment of a patient with supraventricular tachycardia, administer a 
ioading dosage infusion of 500 meg/kg/min of BREVIBLOC® for one minute fol 
by a 4 min maintenance infusion of 50 mcg/kgimin. If an adequate therapeutic: 
effect is not observed within five minutes, repeat the same loading dosage and 5 
follow with a maintenance infusion increased to 100 mcg/kg/min. i 
Continue titration procedure as above, repeating loading infusion (500. megam 
for t minute), increasing maintenance infusion by increments of 50 mcg/kg/min. Wor 
4 minutes). As the desired heart rate or a safety end-point (e.g., lowered ty ES 
pressure) is approached. omit the loading infusion and reduce incremefital dose in 
maintenance infusion from 50 mcg/kg/min to 25 mcg/kg/min or lower. Also, if - 
desired, increase interval between titration steps from Sto 10 minutes. «. 
This specific dosage and administration regimen has not been studied intr 
operatively and because of the time required for titration, may not be optimatto 
intraoperative use. . 
Maintenance dosages above 200 mcg/kg/min have not been shown to ha 

icantly increased benefits, and the safety of dosages above 300 mcg/kgim 
not been studied. 
in the event of an adverse reaction, the dosage of BREVIBLOC* may be adi 
or discontinued if aiocal infusion site reaction develops, an alternative inf 
should be used The use of butterfly needies should be avoided. 
Abrupt cessation of SREVIBLOC® in patients has not been reported to pr 
withdrawal effects which may occur with abrupt withdrawal of beta-block 
ing chronic usein coronary artery disease (CAD) patients. However, ca sh 
stili be used in abruptly discontinuing infusions of BREVIBLOC* in CAD p: tien 
Akter achieving an adequate control of the heart rate and a stable clinica’ st 
patients with supraventricular tachycardia, transition to alternative an amy 
agens ts such as. ipropranotol, Miopa, or Je may. be accom sh 
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)mbination of congenital cataracts, hypertro- 
rdiomyopathy (HC), mitochondrial myopathy 
cise-related lactic acidosis has been reported 
ie Netherlands by Sengers et al! They first 
this disorder in 7 patients from 3 unrelat- 
in 1975. Subsequently, they extended 
ations to include 2 additional patients with 
led analyses of the biochemical and ultra- 

| defect. In the absence of other biochemical 
he assocíated lactic acidosis in these patients 

: hypothesis that the primary defect is in the 
metabolism.? Thus far, there have been no oth- 
rts on this association. We report 6 additional 
from 3 Icelandic families with this disorder. 


( itients, as did those described by Sengers et 
esented originally with congenital ocular cata- 
later with HC. The HC was confirmed by 
amination, electrocardiography and echo- 
graphy in 4 of the 6 patients. In 2 patients the 
yas made retrospectively by reviewing the 


d family history aswell as autopsy data. One 


] had a probe-patent ventricular septal 
topsy, but the degree of hypertrophy was 
e out of proportion to the size of the ven- 

ptal defect. Clinical and vl data are 
Fables. T and: I : 


| — Iceland. Mu ccd june 17. 
sed | manuscript. received and accepted September 8, 


TABLET 
2 —— 


Age at 
Diagnosis 
(mo) 


Age at 
Death 


108 Alive 

(17 yr) 

12 mo 

| 24 Alive 
| ew 


strain pattern | was s evident i at rest 1 in rdt 0 
Only 1 patient (no. 2) had documented sign 
rhythmias. She had short, repeated runs of 1 
plex supraventricular tachycardia during he 
nal illness. Holter monitoring data were 
from 2 other patients with no evidence of ect 
tivity. Doppler recording of the left ventr 
flow tract was available in 2 patients. Neithe: 
evidence of left ventricular outflow tract ob: 
Lactate metabolism has been extensively s 
healthy subjects and in patients with heart di 
both at rest and during exercise.” Intermitte 
mal exercise of short duration in both groups in 
lactate concentration significantly.*9 However 
maximal exercise for longer periods of time: 
normal play activity — causes only slight (if any 
tion of blood lactate despite increased turn 
We measured blood lactate in 3 patients bef 
after normal play activity (Table II). The find 
high normal or increased blood lactate levels 
and an abnormal increase after submaximal ex 
supports the notion that abnormalities in lactat 
tabolism are an integral part of this disorder.: 


Sengers et al! have suggested that there — 
zubtypes of this disorder: a more malignant inf 


form in which the patients die a few weeks to m 


after birth, and a milder form in which the patients 
longer but are handicapped because of m 
weakness. The majority have died in early adu 
and the oldest living patient is now 37 years ol 
Sengers, personal communication). Four of 
landic patients died at a young age. Three di 
first year, probably representing the infa: 
The fourth patient died at age 3.5 years. Thu 

of HC seems particularly malignant. The 
siblings are now 5 and 17 years of age and, d 
fatigability, show no signs of muscular weal 
forms of the disease occurred in the same 


Clinical and Autopsy Data from Six Patients with congenial Cataracts and Hypertrophic — 


Grade 
Systolic 
Murmur 

(1-6) 


Heart - 
Weight 
Treatment {g} 


Mode of 
Death 





RVG SVT” Axis Interval LVSD LVDD SF VS AVPWO AL : 
(mm) mm (degree) m (mm) | mmi (6) (mm) (mm) Rest - Exercise | a 


i — normal vahies are 0.6 to 2.4 mmol/liter. 
LVDD = left. ventricular diastolic dimension; LVPW = left ventricular posterior wall thickness; LVSD = left 
ventricular systolic dimension; SF = shortening fraction; VS = ventricular septum thickness. — 


On 


FIGURE 1. Pedigree of family k1 
| cataract; 2,3 = mental retarda 
transposition of the great vessels; 5 
inopathy; 6 = ventricular septal el 
= coarctatio aortae, dextroversio 
| i Turner's syndrome; 8 = patient 1 
ES (0 QOO Y tient 2; 10 = patient 3; 11 = leukemi 
death. ee 


OOU0CCHO WOLE bndo0o06h64 


try 


igers et al! have suggested an autosomal reces- he was studied and was found not to have anys si 
attern of inheritance. Five of our 6 patientsand 7 HC by echocardiography. - 
ieir 9 patients were girls. Therefore, a possible Considering the paucity of reports on this dis 
hanism would be X-linked dominant inheritance we found the prevalence in Iceland somewhat si 
ariable expression. Neither consanguinity nora ing (population, roughly 244,000). At the same 
n of any kind was demonstrated among the fam- supports the genetic nature of the disorder, wl 
'om the Netherlands.’ We found the parents of the relationship between the 3 families suggest 
ts1, 2 and 3 to be related 5 and 6 generations sible single-gene defect. r 
Genetica] Committee of Iceland studied the — 1. Sengers RCA, Ter Haar BGA, Trijbels JMF, Willems JH, Daniels 


y of the 3 | Icelandic families. ede (pa. houders AM. Congenital cataract and mitochondrial myopathy 

i and heart muscle associated with. lactic acidosis after exercise 
1975;86:873--880. 

2. Sengers RCA, Stadhouders AM, van Lakwijk-Vondrovicova: E 

* 1 per Ill a are a m rae 9 generations Ruitenbeek W. Hypertrophic cardiomyopathy associated with mit 


myopathy of volunt muscles and congenit I cataract. Br Heai 
he extended family of Family I presents an — — | 


3. Freund H, Zouloumian P. Lactate after exercise in man: E | Evo lut 


7 kinetics in arterial blood, Eur ] Appl Physiol 1981:46:121-133. 
le (Fi igure e 1) We are presently studying this 4. Hubbard JL. The effect of exercise on lactic. metabolism. ] Physi 
n more detail, particularly i in regard to occult 1973;231:1-23. -. 
cts. Th 5. Hermansen L, Stenvold J. Production and removal of lactate durin 
B cise in man. Acta Physiol Scand 1972;:86:191-201. — | 
than the 3 siblings known to have ocular 6. Keul J, Doll E, Keppler D. Oxidative Energy Supply: In Energy M 


was their great-grandfather. At age 92 years, of Human Muscle, Basel: S. Karger, 1972:104-116. 
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Reconstruction with a Dacron? Tube 
Graft of an Anomalous Left Main 
Coronary Artery Arising from the 

Pulmonary Trunk with 19-Year 
Asymptomatic Period Thereafter 


ROBERT D. LEACHMAN, MD 
OSCAR ZAMALLOA, MD 
FERNANDO TAPIA, MD 
GRADY L. HALLMAN, MD 
DENTON A. COOLEY, MD 


In October 1965, a 5-year-old-boy with anomalous ori- 
gin of the left main coronary artery from the pulmo- 
nary trunk underwent innovative surgical treatment 
(by GLH and DAC). The left main coronary artery was 
reconnected to the ascending aorta by interposing a 5- 
mm Dacron? tube graft (a technique first used by them 
in December 1963) for reconstruction of a single coro- 
nary artery with a fistula.! The patient grew and de- 
veloped normally thereafter. By 1975, he was active 
physically and asymptomatic while playing soccer 
football. A follow-up angiogram (by RDL and OZ) was 
recorded in Lima, Peru, that year. The tube graft was 
widely patent and the heart size was normal (Figures 1 
and 2). Soon thereafter, he moved to the area of Cuzco, 


From the Departments of Cardiology and Cardiovascular Sur- 


gery, St. Luke's Episcopal Hospital, Texas Heart Institute, Hous- 
ton, Texas. Manuscript received July 27, 1987; revised manu- 
script received and accepted September 3, 1987. 
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FIGURE 1. Preoperative aortogram (1965): anomalous origin of left 
coronary artery from pulmonary artery is evident. 








FIGURE 2. Postoperative arteriogram (1975): left coronary artery is 
patent and connected to aorta with Dacron tube graft. 


Peru, an elevation of 15,000 feet above sea level, where 
he continued to play vigorous soccer football without 
symptoms. He died suddenly while playing soccer in 
1985, at age 24, 19 years after the coronary operation. 
He had never mentioned chest pain to family or 
friends. 


Garrett and DeBakey? used a reverse saphenous 
vein as a conduit from aorta to coronary artery when 
treating a patient with coronary atherosclerosis in No- 
vember 1964, but did not report the procedure until 
1973. Favaloro? and Johnson and Lepley,* however, 
reported their experiences earlier than Garrett and 
DeBakey. Internal mammary arteries and reversed sa- 
phenous vein inserts have evolved as the grafts of 
choice, although other materials, synthetic and biolog- 
ic, have been used. Our experience with coronary by- 
pass grafting began in December 1963, and involved 
use of Dacron grafts for congenital anomalies.15 We 
later used saphenous vein grafts and found that these 
surgical techniques could be applied to adults with 
atherosclerotic coronary artery disease. While be- 
lieved to be an inferior material when compared with 
autologous vein grafts, a Dacron graft endured as an 
aortocoronary conduit in our patient for 19 years. This 
synthetic material might be used in patients without 
adequate veins or internal mammary arteries for aor- 
tocoronary bypass grafting. 

1. Hallman GL, Cooley DA, McNamara DG, Latson JR. Single left coronary 
with fistula to right ventricle. Reconstruction of two-coronary system with 
Dacron graft. Circulation 1965;32:293-297. 

2. Garrett HE, Dennis EW, DeBakey M. Aortocoronary bypass with saphe- 
nous vein graft. JAMA 1973;223:792-794. 

3. Favaloro RG. Saphenous vein autograft replacement of severe segmental 
coronary artery occlusion. Ann Thorac Surg 1968;5:334-339. 

4. Johnson WD, Lepley, D Jr. An aggressive surgical approach to coronary 
artery disease. | Thorac Cardiovasc Surg 1970;59:128-138. 

9. Hallman GL, Cooley DA, Singer DB. Congenital anomalies of the coronary 


arteries: anatomy, pathology, and surgical treatment. Surgery 1966;59:133- 
144. 
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Double Aortic Arch with Bilateral 
Coarctations 


STUART J. SINGER, MD 
KENNETH E. FELLOWS, MD 
RICHARD A. JONAS, MD 


A previously unreported combination of coarctation 
of both limbs of a double aortic arch is described. 


A 3,220-g girl was born after an uncomplicated full- 
term vaginal delivery. She had 1 cyanotic episode at 
age 27 hours and had poor femoral and brachial pulses 
with normal carotid pulses. A physiologically split sec- 
ond heart sound with a grade 3/6 low pitch systolic 
ejection murmur was heard at the left sternal border 
with a fixed ejection click. The electrocardiogram 
showed sinus rhythm of 140 beats/min and right ven- 
tricular hypertrophy with diminished left ventricular 
forces. Chest radiography showed a normal-sized 
heart and normal pulmonary blood flow. The baby 
was transferred to The Children's Hospital, where 2- 
dimensional and Doppler echocardiography showed 
a coarctation of a left aortic arch (Figure 1), as well asa 
suspected aberrant right subclavian artery, a patent 
ductus arteriosus with bidirectional flow, a membra- 
nous and a muscular ventricular septal defect, right 
ventricular hypertrophy, a bicuspid aortic valve and 
mild tricuspid regurgitation. 


From the Departments of Diagnostic Radiology and Surgery, 


The Children's Hospital, Harvard Medical School, Boston, Mas- 
sachusetts. This work was funded in part by grant HL07608-03 
from the National Institutes of Health, Bethesda, Maryland. 
Manuscript received July 13, 1987; revised manuscript received 
September 14, 1987, and accepted September 16. 





FIGURE 1. Echocardiogram of the left aortic arch with coarctation. 
Asc Ao — ascending aorta, d Ao — descending aorta, inn — innomi- 
nate vein; LCC = left common carotid; LSC = left subclavian. 


She underwent right- and left-sided heart cathe- 
terization through the umbilical artery and vein. A 
double aortic arch with preductal coarctation of each 
arch was shown by aortography (Figures 2 and 3). The 





FIGURE 2. Steep left anterior oblique cineangiogram of ascending 
aortic injection with demonstration of double aortic arch and juxta- 
ductal coarctations. 


LCC 
RCC 


LSC 


AR 4: X 


PDA 


Lateral 





FIGURE 3. Diagram of cineangiogram, Figure 2, with insert of crani- 
al angulated view. LCC = left common carotid; LSC = left subclavi- 
an artery; PDA = patent ductus arteriosus; RCC = right common 
carotid; RSC = right subclavian artery. 


scending and descending aorta) As sur- 
of redundant intimal tissue extended from 
arteriosus to encroach upon the lumina of 
ortic arch and the adjacent left subclavian ar- 
"he baby underwent Gortex® patch angioplasty 
| coarctations and the origin of the left subclavi- 
ery. The patent ductus was ligated and the pul- 
ary trunk was banded. Postoperatively, she re- 
mild pressor support and made an uneventful 
ery. The 6-year-old brother of this girl was diag- 
echocardiographically as having an aortic co- 
ion at 17 months of age for which he underwent 
l repair. 


n of Results of. Exercise Stress 
n Young Women to Phases of 
: the Menstrual Cycle 


PAMELA I. CLARK, RN, BSN 
| STEPHEN P. GLASSER, MD 
GARY H. LYMAN, MD 
JANET KRUG-FITE 
ALLEN ROOT, MD 


nt depression that occurs in the course of 

ress testing is considered a "positive" re- 

r myocardial ischemia. Exercise testing re- 
significant ST segment shifts in 14% to 67% of 
n without angiographic evidence of coronary ar- 
isease.! It has been suggested that the high fre- 
y of false-positive ischemic ST segment shifts 
women is related to relatively high estrogen 

2-4 A systematic study of that hypothesis has not 
previously reported, andi is the subject of this 


n's — church and civic organiza- 
e approached to recruit volunteers for this 
ty-two women were identified who were 
e ages of 18 and 35 years. They had no 
physical signs of cardiovascular disease, no 
f vasoregulatory asthenia, were not taking 
itions (particularly oral contraceptives) and 
regular menses. Auscultation was used as the 

ndard” to rule out mitral valve prolapse. 
sal temperatures were measured by each 
! Tan using basal temperature ther- 

1e 32, 18 


had regular mensesw. with cy cle | 


| tive distal dorsal aortáe p 


rsist; Inr 

es, one (usually the right) involutes. Atresia 
segment of a double aortic arch has been d 
The rare combination of double aortic arche 
teral coarctations reported here could be th 
either partial (or arrested) involution of bott 
aortae, or the constricting effect of ductal tissue 
dorsal orifices of both arches. The intraoperat 


scription supports the later mechanism. 


i. Ettedgura ], Lorber A, Anderson D. Double aortic arch 1 
coarctation. Int ] Cardiol 1986;12:258-260. 

2, Burrows PE, Moes CA, Freedom RM. Double aortic arch w 
dorsal segment, Pediatr Cardiol 1986;6:331-334. 


lengths between 26 and 30 days and with p 
preovulatory temperature increases at mid 
ure 1). They continued in the study and recc 
peratures for a third cycle. Exercise testin 
formed on days 2 or 3, 12 or 13 and day 18. 0 
cycle. Each subject served as her own contr 
lishing appropriate days for testing to correla 
individualized cycles. The first of the 3 tests. 
formed at a random start date (during menst og 
lation or  postovulation] to lessen the impa 
learning experience of the testing itself. A 
were performed at the same time of day 
individual subject, and the tests were perfor: 

a minimum of 4 hours of fasting. Exercise te 
performed on a treadmill using the Bruce p 
with 12-lead electrocardiographic monitoring 
cise was terminated in each subject because. 
An abnormal response was defined as ST dep 


of 0.1 mV at 80 ms after the J point with horizor 


downsloping configuration (Figure 2). 

The study design provided 18 independen 
each with 3 dichotomous outcome measures be 
the results of exercise testing. Because repeate 
surements were obtained in the same subjec: 


Estrogen. 


: Progesterone 


Basal Body Temperature 





| i that the number of 
ests | is abinomial distribution, the probabili- 
number of abnormal tests can be calculat- 
ause measurements in subjects in which all 
were normal or all responses were abnor- 
ontribute no information, only discordant obser- 
Is were used in the analysis. The paired sample 
test was used to predict the probability of obtain- 
sults at least as extreme as those observed. The 
number of untied pairs in this analysis precludes 
of the normal approximation to the binomial 
tion or a chi-square analysis. Two-way com- 
were assessed for significance using both 1- 
-tailed tests corresponding to the 2 alterna- 
theses. Based on hormonal data, 2 additional 
hypotheses were tested. They consisted of 
lation (high progesterone) versus other, and 
(low estrogen) versus other measurements 
same assumptions pertaining to the binomial 
ution of the discordant pairs. 
-subjects exercised on each occasion to at least 
predicted maximal heart rate (mean 97%} be- 
ing due to fatigue. Of the 18 subjects, 11 had 
ests on all 3 occasions. The remaining 7 sub- 
at least 1 abnormal test result. Of the 7 sub- 
1 abnormal responses, one had all 3 tests ab- 
had 2 positive tests and 4 had only 1 positive 
. The 6 subjects with 1 or 2 abnormal tests had 
either during menses or preovulation or both. 


that there is no B differens | in ‘the: pr 
abnormal exercise test at different tim 
menstrual cycle, a uniform distribution o 
comparisons over the 3 measurement time 
expected. Of the 2-way comparisons, only t 
paring preovulation versus postovulation 
ments reached statistical significance. The’ 
son of menstrual versus postovulation testi 
proached, but did not achieve, statistical signi 
possibly related to small sample size. | 
Comparison of postovulation (high pro; este 
testing and other (low progesterone) testing r 


that a significantly greater probability for abnorma 


exercise test results was found for menstrual 
ovulatory samples. This was so for both the 1. 
= 0.02) and 2-tailed tests (p = 0.03). No sig. 
difference in abnormal testing was observe 
strual (low estrogen) versus other (high. estrog 
surements. : 
Six of the 7 women with 1 or more abnorma 
had some marker that the exercise responsi 
falsely positive. Normalization or a tendency. 
normalization of ST segment shifts with contin 
ercise was seen in 4, and 3 had maximal chan 


inferior leads. Hyperventilatory ST shifts occurred 


3 subjects, although only one had such changes bef 


all 3 tests. All abnormal tests normalized within 3 min 


utes of recovery. 


A greater prevalence of false-positive, exerci: 
duced ST-segment depression in women cor 
with men has been described and estrogens h 
implicated empirically. The chemical structu 
trogens is similar to digitalis, which is well 
cause false-positive ST segment changes. Jaffe 
ied the effect of 3 estrogens on the postexercis 
trocardiogram in 33 men and 18 women who p 
ly had shown ST segment abnormalities after e» 
90% of these individuals showed more abno 
in their postexercise ST segments after 2 we 
estrogen therapy, and ST abnormalities reverte 
pretreatment appearance within 6 weeks of w 
al of estrogens. In a subsequent report, 2 andi 
compounds were shown to decrease the dei 
postexercise ST changes.’ : 

Wu et al* evaluated 4,422 men and 1, 663 A 
aged 18 to 60 years. The prevalence of corona 
disease was 7.3 times higher in men than i 
The overall prevalence of positive respon 
testing in asymptomatic normotensive st 
lower (14 per 1,000 or 1.4%) than those 
most investigators (supine ergometry wast 


cise, and it is s unclear what lead system 





a col centrations ^ ee 


es in association. with an increase in 

e of coronary disease. 
t, the present study showed no direct rela- 
| estrogen phase and false-positive exer- 
segment changes. Rather, progesterone fluxes 
licated in the electrocardiographic abnormali- 
served. It is also possible that a hormone ratio is 


The AIC in January 1963 


WILLIAM C. ROBERTS, MD 


Ci in January 1963 contained 23 articles occu- 
28 pages, including 8 clinical studies, 3 experi- 

I studies and 12 case reports. This piece com- 

n 2 articles. | 

e lead article was by Krasnow and associates! 
3oston, Massachusetts, and it described left-sid- 
iodynamic changes induced by isoproterenol 
| in an asymptomatic 17-year-old boy with an 
Xtal defect, and in 8 dogs. During continuous 
ous infusion of isoproterenol at 3.0 and 5.6 
in the boy, the left ventricular pressure pro- 
ely increased without change in the systemic 
ressure such that the left ventricular to aortic 
tolic pressure gradient increased from near 0 
id 59 mm Hg, respectively, during the 2 rates of 
Cardiac output also increased but calculated 

f “ends ution! area | decreased the sary sed 


rtic. pad pressures w were eng uicina during ven- 
* premature beats and postextrasystolic beats 
1 concordant left ventricular and aortic pres- 
nges. Two of 8 dogs developed large peak 
pressure gradients between left ventricle and 
ng drug infusion at rates between 2 and 6 
wo dogs, that had pressure gradients in the 
tate, had abdominal binders applied and 2 to 3 
blood. were infused. The left ventricular dia- 
essure increased with disappearance of the 


town, Maryland: Harper and. Row, 1980: 72-77. 

2. Jaffe MD. Effect of estrogens on postexercise electrocard 

] 1977;38:1289- 1303. ; 

3. Jaffe MD. Effect of testosterone cypionate on postexercise 
depression. Br Heart [| 1977;39:1217-1222. 

4. Wu SC, Secchi MB, Radice M, Gianoni G, Sachero A, Oltron: 
PL, Folli G. Sex differences in the prevalence of ischemic heart dis 
the response to a stress test in a working population. Eur. He ? 
481-465. 


and the blood was allowed to pool, the left ver 
diastolic pressure decreased and the outflow 
tion reappeared. These studies show develop 
dynamic left ventricular outflow obstruction 
sion of isoproterenol in the heart unaffected by 
trophic cardiomyopathy in both man and dog. 
In the second article Whalen and associates 
Durham, North Carolina, described a 36-year« 
with hypertrophic cardiomyopathy with a 9- 


peak systolic left ventricular to aortic pressu 


ent at rest but after a 15-minute infusion of is 
nol (1 to 2 mg/m1/min], the peak systolic pre: 
dient increased to 100 mm Hg. Mitral reg 


also developed as the outflow gradient increase 
during infusion, the mean left atrial and the er 


stolic left ventricular pressure increased. Exer 
induced a 25-mm Hg left ventricular outflow gr 
and immediately after exercise was stopped th 
ent increased transiently to 60 mm Hg. Whal 
also infused isoproterenol during cardiac catt 
tion in 11 patients with left ventricular hypertro] 
secondary to aortic valve stenosis or hypertropt 
diomyopathy and the peak systolic pressure diff 


between left ventricle and aorta increased fr 


average of 1 to 7 mm Hg. In 4 patients with aorti 
stenosis, the average peak systolic gradient inc 
during infusion from 72 to 99 mm Hg. They concl 
that isoproternol infusion may serve as a pr 
tive test to better identify. patients with hypert 
cardiomyopathy. E 


1. Krasnow N, Rolett E, Hood. WB jr, Yurchak PM, Gorlin R ; 


obstruction of the ventricular outflow tract. Am | Cardiol 1963; 
2. Whalen RE, Cohen AI, Sumner RG, Mcintosh HD. Demonstrat 


dynamic nature of idiopathic hypertrophic subaortic stenosis. 
1963:11:8-17. ; 





a — I lists tho — ail (RA 
res efore and xp pad af- 


Em odia: is not surpris- 
cera. after ta ppingi is ae sur- 


ressure isa misprint, since c car- 

g pressures are not atrial pressures, 
transmural pressures—the true 
wessures of the cardiac cham- 
transmural pressure (atrial pres- 
intrapericardial pressure } was 

I during tamponade (2 mm Hg) and 
ing to Table limmediately after- 
absence of a mistake this would 

t there was still no filling (trans- 
and, therefore, the right atri- 

it be distended. If the true imme- 
pintrapericardial pressure were 
mm n He theft a p nmn 


sation, aid either eee an errone- 
ap intrapericardial pressure, or ex- 
the atria could fill to the point of 

on" despite 0 transmural pressure 
fferences might be an explanation). 
-general consideration arises, 
‘atrial mean pressure, like ven- 
diastolic pressure, is commonly 
ng pressure." Under the condi- 
ardiac tamponade, the true fill- 
re--transmural pressure-—is 0 or 


nearly 0 so that under the conditions of tam- 
ponade traditional "filling pressure" cannot 
be atrial mean pressure. We only get away 
with cailing atrial pressure "filling pressure" 
in most conditions because pericardial pres- 
sure is, like pleural pressure, near to 0, being 
somewhere between —2 and +2 mm Hg” 
Therefore, subtracting that pressure from 


mean atrial pressure leaves mean atrial pres- 


sure only slightly affected. It is far better to 


call things by what they really are and never 


callatrial mean, orventricular diastolic, pres- 
sure "filling" pressure, while understanding 
that under many circumstances they may be 
reasonable approximations of transmural 
pressures—the actual filling pressures. 


David H. Spodick, MD 

Worcester, Massachusetts 

26 February 1987 

1. Koller PT. Paradoxical response of plasma atrial 

natriuretic hormone to pericardiocentesis in cardiac 

tamponade. Am J Cardiol 1987;59:49 1-492. . 

2. Spodick DH. The normal and diseased pericardi- 

um: current concepts of pericardial physiology, di- 
agnosis and treatment. JACC 1983; 1:240-251. 
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significant advantages in 
treating angina. 





T€NORMIN arenoo) Offers 
—— oe 
over ofher 

for angina... 


a blockers 





us important advantages 
over calcium blockers: 


O One-tablet-a-day dosage... for optimal patient 
compliance. 


O Easier titration. .. because of consistent plasma 
levels. 


O Round-the-clock protection against angina... 
alone or with nitrates. 


O Simple, cost-effective therapy...especially when 
compared with calcium channel blockers. 


D Proven worldwide experience. | IY? 
z 


‘ 


ONE TABLET A DAY 


TENORMIN . 


(atenolol) 


Outstanding round-the-clock 
protection in angina. 


located chiefly in cardiac tissue. This preference is not absolute 


*Cardioselectivity denotes a relative preference for B,-receptors, [e PHAR MA 
Division of ICI Americas Inc 
WILMINGTON. DELAWARE 19897 USA 


See following page for brief summary of prescribing information. 





Á : TENORMIN is indicated in the management of 
may be used alone ^r ene EN with other antihypertensive agents, particularly 
ype diuretic. 
Pectoris Due to Coronary Atherosclerosis: TENORMIN is indicated for the long-term 
f patients with angina pectoris. 
TIONS: TENORMIN is contraindicated in sinus bradycardia. heart block greater 
ree, cardiogenic shock, and overt cardiac failure. (See WARNINGS.) 
Cardiac Fallure: Sympathetic stimulation is necessary in supporting circulatory 
congestive heart failure, and beta blockade carries the potential hazard of further 
myocardial contractility and precipitating more severe failure. In hypertensive patients who 
heart failure controlled by digitalis and diuretics, TE NORMIN shouid be administered 


History of Cardiac Failure: Continued depression of the myocardium with 
ng agents over a pefiod of time can. in some cases, lead to cardiac failure. At the first sign 


of Therapy With TENORMIN: Patients with coronary artery disease, who are being 
with TENORMIN, should be advised against abrupt discontinuation of therapy. Severe 
of angina and the occurrence of myocardial infarction and ventricular arrhythmias 


The läst two complications may occur with or without preceding exacerbation of 
pectoris. To date, there has been no report o! myocardial infarction or severe angina 
tof TENORMIN, probably due to its long plasma half-life. Because of the 


$ should be caretutly observed and advised to limit physical activity io a rninimum. 
jà worsens or acute coronary insufficiency develops, it is recommended that 
IN be pp instituted, at least temporarily. (See Dosage and Administration.) 


(bronchodiiston : 
diving No does shouid be coraidived In rdér Io achieve Kiar peak 


$ Major : As with all beta-receptor blocking drugs it may be decided to 
MIN before ¢ surgery. In this case, 48 hours should be allowed to elapse between the 
anesthesia. If treatment is continued, care should be taken when using anesthetic 
vhich depress the myocardium such as ether, cyclopropane, and trichioroethylene. 
ORMIN, like other beta blockers, is a competitive inhibitor of beta-receptor agonists and its 
ri the heart can be reversed by administration of such agents (eg. dobutamine or isoproterenol 
iari see section on Overdosage). Manifestations of excessive vagal tone (eg. profound 
rdia, hypotension) may be corrected with atropine (1-2 mg IV). 
: TENORMIN should be used with caution in diabetic patients if a beta- 
ng agent i is required. Beta blockers may mask tachycardia occurring with hypoglycemia, but 
manifestations such as dizziness and sweating may not be significantly affected. TENORMIN 
ot potentiate insulin-induced hypoglycemia and, unlike nonselective beta blockers, does not 
fecovery of blood glucose to normai levels. 
X : Beta-adrenergic blockade may mask certain clinical signs (eg, tachycardia) of 
hyroidism. Abrupt withdrawal of beta blockade might precipitate a thyroid storm: therefore, 
nits suspected of developing thyrotoxicosis from whom TENORMIN therapy is to be withdrawn 
uid be monitored closely. (See Dosage and Administration.) 
Renal Function: The drug shouid be used with caution in patients with 
nal b. (See Dosage and Administration.) 
1 : Catecholamine-depleting drugs (eg. reserpine) may have an additive effect when 
locking agents. Patients treated with TENORMIN plus a catecholamine depletor 
be closely observed for evidence of hypotension and/or marked bradycardia which 
vertigo, syncope, or postural hypotension. 
> decided to discontinua therapy | in patients — beta blockers and — 


M impeirment of Fertility: Two long-term (maximum dosing duration 
tat studies and one long-term (maximum dosing duration of 18 months) mouse 
oying dose levels as high as 300 mg/kg/day or 150 times the maximum recommended 
not indicate a carcinogenic potential in rodents. Results of various mutagenicity 
tinc 


; ded j human con was. indice wipe atenolol administration. 
olo y: Chronic studies performed in animals have seveaied the occurrence of 
thelial cells of Brunner's glands in the duodenum of both male and temale dogs at aii 
atenolol (starting at 15 mg/kg/day or 7.5 times the maximum recommended 
incidence of atrial degeneration. of hearts of male rats at 300 mg but not 
— 


— —* C. Ateno! 35 been shown to produce a dose- 
ti than yo /day or 


— side effecta): 
US STUDIES (% ATENOLOL-% PLACEBO): 
CARDIOVASCULAR: bradycardia (396-096), cold extremities (0565 
(2365-195), lag pain (0%-0.5%) 
CENTRAL NERVOUS SYSTEM/NEUROMUSCUL AR: dizziness. (8%. 
headedness (1%-0%), tiredness (0.6%-0.5%), fatigue (396-196), letharg i 
(0.696-096), depression (0.6%-0.5%}, dreaming (0%-0%) 
GASTROINTESTINAL. diarrhea (296-096), nausea (436-196) 
RESPIRATORY (See WARNINGS): wheeziness (095-095), dyspnea (065. 
TOTALS US AND FOREIGN STUDIES: 
CARDIOVASCULAR: bradycardia (396-096), cold extremities (1236-5 
(436-596), leg pain (396-196) 
CENTRAL NERVOUS SYSTEM/ NEUROMUSCULAR: dizziness (13%- 
headedness (396-0. 795). tiredness (2698-1396), fatigue (695-596), letharg 
{2%-0.5%), depression (1296-996), dreaming (396-196) 
GASTROINTESTINAL: diarrhea (396-295), nausea (396-196) 
RESPIRATORY (see WARNINGS): wheeziness (396-395), dyspnea (695-45 
MISCELLANEOUS: There have been reports of skin rashes and/or dry. ‘eyes 
of beta-adrenergic blocking drugs. The reported incidence is small and, in. 
have cleared when treatment was withdrawn. Discontinuance of the drug sh 
such reaction is not otherwise explicable. Patients should be closely moni 
therapy. 
POTENTIAL ADVERSE EFFECTS: in addition, a variety of adverse effects 
other beta-adrenergic blocking agents, and may be considered potential adver 
TENORMIN. 
HEMATOLOGIC: Agranulocytosis, nonthrombocytopenic purpura, thrombe 
ALLERGIC: Fever, combined with aching and sore throat, laryngospasm, anc 
CENTRAL NERVOUS SYSTEM: Reversible mental depression progressing ! 
disturbances. hallucinations, an acute reversible syndrome characterized by di 
and place, short-term memory loss, emotional lability with slightly clouded seng j 
performance an neuropsychometrics. 
GASTROINTESTINAL: Mesenteric arterial thrombosis, ischemic colitis. 
OTHER: Reversible alopecia, Peyronie's disease, erythernatous rash, Raynaud 
MISCELLANEOUS: The ocutomucocutaneous syndrome associated with the: 
has not been reported with TENORMIN during investigational use and foreign 
Furthermore, a number of patients who had previously demonstrated establishe 
were transferred to TENORMIN therapy with subsequent resolution or quiescent 
OVERDOSAGE: To date. there is no known case of acute overdosage, and no f 
emergency treatment of overdosage is available. The most common effects expect 
of a beta-adrenergic blocking agent are bradycardia, congestive heart failure, hypotei 
bronchospasm. and hypoglycemia. $ 
in the case of overdosage. treatment with TENORMIN should be stopped and the pati 
observed. TENORMIN can be removed from the general circulation by hemodialysis. } 
gastric lavage, the following therapeutic measures are suggested if warranted: ; 
BRADYCARDIA, Atropine or another anticholinergic drug. J 
HEART BLOCK (SECOND OR THIRD DEGREE): isoproterenol or transvenous c «d 
CONGESTIVE HEART FAILURE: Conventional therapy. 
HYPOTENSION (DEPENDING ON ASSOCIATED FACTORS). Epinephrine rather 
or norepinephrine may be useful in addition to atropine and digitalis. : 
BRONCHOSPASM: Aminophylline, isoproterenci, or atropine. 
HYPOGLYCEMIA: intravenous glucose. 
DOSAGE AND ADMINISTRATION: Hypertension: The initial dose of TENORMIN 
one tablet a day either alone or added to diuretic therapy. The full effect of this dose 
seen within 1to 2 weeks, Hf an optimal response is not achieved, the dosage should 
TENORMIN 100 mg given as one tablet a day. Increasing the dosage beyond 
to produce any further benefit. 
TENORMIN may be used alone or concomitantly with other antihypertensive: 
thiazide-type diuretics, hydralazine. prazosin, and alpha-methyldopa. DUE 
Angina Pectoris: The initial dose of TENORMIN is 50 mg given as one tablet 
response is not achieved within | week, the dosage should be increased to Ti 
as one tablet a day. Some patients may require a dosage of 200 mg once a da 
Twenty-four hour control with once-daily dosing is achieved by giving doses 
to achieve an immediate maximum effect. The maximum early effect on exercise t 
with doses of 50 to 100 mg, but at these doses the effect at 24 hours is attenuated 
50% to 75% of that observed with once-a-day oral doses of 200 mg. : 
— with Renal impairment: Since TENORMIN is excreted via the kidn y 


TENORMIN occurs unti creatinine clearance falls below 35 mL/min/1.73 m? * 
100-150 mL /min/1.73 r2); therefore, the following maximum dosages are rec 
with renal impairment: 


Atenolol 
Creatinine Clearance Elimination Half-life 
(mL/min/1.73 me} (h) 


15-35 16-27 
«15 27 


Patients on hemodialysis should be given 50 mg after each dialysis: this should be 
hospital supervision as marked falls in blood pressure can occur. l 

Cessation of Therapy: i withdrawal of TENORMIN therapy is planned, it sho d 
gradually over a period of about 2 weeks. Patients should be carefully ——— 
physical activity to a minimum. Bn 
HOW SUPPLIED: Tablets of 50 mg atenolol, NDC 0310-0105 (round, flat, uncoate 
identified with ICI debossed on one side and 105 debossed on the other. side, bi 
in battles of 100 tablets and unit-dose packages of 100 tablets. 

Tabiets of 100 mg atenolol, NDC 0310-0101 (round, fiat, uncoated white. 
debossed on one side and 101 debossed on the other side) are supplied i "n 
unit-dose packages of 100 tablets. 

Protect from heat, light, and moisture. 
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Tablets 
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Pretilled Syringes 


Lopressor’ 


metoprolol tartrate USP 


BRIEF SUMMARY (FOR FULL PRESCRIBING 
INFORMATION, SEE PACKAGE INSERT} 


CONTRAINDICATIONS 
Hypertension and Angina 
Lopressor is contraindicated in sinus bradycardia, heart block 
ied than first degree, cardiogenic shock, and overt cardiac 
allure (see WARNINGS). 
Myocardial infarction 
Lopressor is contraindicated in patients with a heart rate 
< 45 beats‘ min; second- and third-degree heart block: signifi- 
cant first-degree heart block (P-R interval = 0.24 sec); systolic 
blood pressure < 100 mmHg: or moderate-to-severe cardiac 
failure (see WARNINGS). 
WARNINGS 
Hypertension and Angina 
Cardiac Failure: Sympathetic stimulation is a vital component 
Supporting circulatory function in congestive heart failure, and 
beta blockade carries the potential hazard of further depressing 
myocardial contractility and precipitating more severe failure. 
in hypertensive and angina patients who have congestive heart 
faiture controlled by digitalis and diuretics, Lopressor should 
be administered cautiously. Both digitalis and Lopressor siow 
AV conduction. _ 

in Patients Without a History of Cardiac Failure: Continued 
depression of the myocardium with beta-biocking agents over 
a period of time can, in some cases. lead to cardiac failure. At 
the first sign or symptom of impending cardiac failure, patients 
should be fully digitalized and/or given a diuretic. The response 
should be observed closely. H cardiac failure continues, despite 
adequate digitalization and diuretic therapy, Lopressor should 
be withdrawn. 


ischemic Heart Disease: Following abrupt cessation of 
therapy with certain beta-blocking agents, exacerbations 
of angina pectoris and, in some cases, myocardial infarc- 
tion have occurred. When discontinuing chronically 
administered Lopressor, particularly in patients with isch- 
| emic heart disease, the dosage should be gradually 
reduced over a period of 1-2 weeks and the patient shouid 
be carefully monitored. if angina markedly worsens or 
acute coronary insufficiency develops. Lopressor admin- 
istration should be reinstated promptly, at least tem- 
porarily, and other measures appropriate for the manage- 
ment of unstable angina should be taken. Patients should 
be warned against interruption or discontinuation of 
therapy without the physician's advice. Because coronary 
artery disease is common and may be unrecognized. it 
may be prudent not to discantinue Lopressor therapy 
abruptly even in patients treated only for hypertension. 


Bronchospastic Diseases: PATIENTS WITH BRONCHO- 
SPASTIC DISEASES SHOULD, IN GENERAL, NOT RECEIVE 
BETA BLOCKERS. Because of its relative beta, selectivity. 
however, Lopressor may be used with caution in patients 
with bronchospastic disease who do not respond to, or can- 
not tolerate, other antihypertensive treatment. Since beta 
— is not absolute, a beta,-stimutating agent should 
be administered concomitantly, and the lowest possible dose 
of Lopressor should be used. [n these circumstances it would 
be prudent initially to administer Lopressor in smaller doses 
three times daily, instead of larger doses two times daily, to 
avoid the higher plasma levels associated with the longer 
dosing interval. (See DOSAGE AND ADMINISTRATION.) 


Major Surgery: The necessity or desirability ot withdrawing 
beta-biocking therapy prior to major surgery is controversial: 
the impaired ability of the heart to respond to reflex adrenergic 
stimuli may augment the risks of general anesthesia and sur- 
gical procedures. . 

Lopressor, like other beta blockers, is a competitive inhibitor 
of beta-receptor agonists, and its effects can be reversed by 
administration of such agents, e.g., dobutamine or iso- 
proterenol, However, such pue may be subject to pro- 
tracted severe hypotension. Difficulty in restarting and main- 
taining the heart beat has aiso been reported with beta 
blockers. 

Diabetes and Hypoglycemia: Lopressor should be used 
with caution in diabetic patients if a beta-blocking agent is 
required. Beta blockers may mask tachycardia occurring with 
hypoglycemia, but other manifestations such as dizziness and 
sweating may not be significantly affected. 

Thyrotoxicosis; Beta-adrenergic blockade may mask certain 
clinical signs (e.g.. tachycardia) of hyperthyroidism. Patients 
suspected of developing thyrotoxicosis should be managed 
carefully to avoid abrupt withdrawal of beta blockade, which 
might precipitate a thyroid storm. 

Myocardial Infarction l 

Cardiac Failure: Sympathetic stimulation is a vital component 
supporting circulatory function, and beta blockade carries the 
potential hazard of depressing myocardial contractility and pre- 
cipitating or exacerbating minimal cardiac failure. l 

During treatment with Lopressor, the hemodynamic status 
of the patient should be carefully monitored. H heart failure 

 OCcurs or persists despite appropriate treatment, Lopressor 
shouid be discontinued. : 

Bradycardia: Lopressor produces a decrease in sinus heart 
rate in most patients; this decrease is greatest among patients 
with high initial heart rates and least among patients with iow 
initial heart rates. Acute myocardial infarction (particularly in- 
terior infarction) may in itself produce significant lowering of 

~ the sinus fate. If the sinus rate decreases to < 40 beats/min, 
particuiarly if associated with evidence of lowered cardiac out- 




















put, atropine (0.25-0.5 mg! should be administered intra- 
venously, if treatment with atropine is not successful, 
Lopressor should be discontinued, and cautious administration 
of tsoproterenot or installation of a cardiac pacemaker should 
be considered. 

AV Block: Lopressor slows AV conduction and may produce 
significant first- {P-R interval 20.26 sec). second-. or third- 
degree heart block. Acute myocardial infarction also produces 
heart block. 

if heart block occurs. Lopressor should be discontinued and 
atropine (0.25-0.5 mg) should be administered intravenously. 
if treatment with atropine is not successtul, cautious adminis- 
tration of isoproterenol or installation of a cardiac pacemaker 
should be considered. 

Hypotension: it hypotension (systolic blood pressure 
= 90 mmHg? occurs. Lopressor should be discontinued, 
and the hemodynamic status of the patient and the extent of 
myocardial damage carefully assessed. invasive monitoring 
of central venous. au capillary wedge. and arterial 
pressures may be required. Appropriate therapy with fluids, 
positive inotropic agents. balloon counterpuisation, or other 
treatment modalities should be instituted. If hypotension is 
associated with sinus bradycardia or AV biock, treatment 
should be directed at reversing these (see above). 

Bronchospastic Diseases: PATIENTS WITH BRONCHO- 
SPASTIC DISEASES SHOULD, iN GENERAL, NOT RECEIVE 
BETA BLOCKERS. Because of its relative beta, selectivity, 
Lopressor may be used with extreme caution In patients 
with bronchospastic disease. Because it is unknown to what 
extent beta,-slimulating agents may exacerbate myocardial 
ischemia and the extent of infarction, these agents should 
not he used prophylactically. if bronchospasm not related to 
congestive heart failure occurs, Lopressor should be discon- 
tinued. A theophylline derivative or a beta, MER may be 
administered cautiously, depending on the clinical condition 
of the patient. Both theophylline derivatives and beta, agon- 
ists may produce serious cardiac arrhythmias. 


PRECAUTIONS 

General 

Lopressor should be used with caution in patients with im- 
paired hepatic function. 

information for Patients 

Patients should be advised to take Lopressor regularly and 


continuously, as directed, with or immediately following meals. 


if a dose should be missed. the patient should take only the 
next scheduled dose (without doubling it). Patients should not 
discontinue Lopressor without consulting the physician. 

Patients should be advised (1) to avoid operating auto- 
mobiles and machinery or engaging in other tasks requiring 
alertness until the patient's response to therapy with Lopressor 
has been determined; (2) to contact the physician if any ditti 
culty in breathing occurs; (3) to inform the physician or dentist 
before any type of surgery that he or she is taking Lopressor. 
Laboratory Tests 
Clinical laboratory findings may include elevated levels of 
serum transaminase, alkaline phosphatase, and lactate 
dehydrogenase. 

Drug interactions 

Catecholamine-depieting drugs (e.g.. reserpine) may have an 
additive effect when given with beta-biocking agents. Patients 
treated with Lopressor plus a catecholamine depletor should 
therefore be ciosely observed for evidence of hypotension or 
marked bradycardia, which may produce vertigo, syncope, or 
postural hypotension. 

Carcinogenesis, Mutagenesis, impairment of Fertility 
Long-term studies in animals have been conducted to evaluate 
carcinogenic potential. In 2-year studies in rats at three oral 
dosage levels of up to 800 mg/kg per day, there was no in- 
crease in the development of spontaneously occurring benign 
or malignant neoplasms of any type. The only histologic 
changes that appeared to be drug related were an increased 
incidence of generally mild focal accumulation of foamy mac- 
raphages in pulmonary alveoli and a slight increase in biliary 
hyperplasia. Neither Ms nese symptoms of a known 
disease entity in man. In a 21-month study in Swiss albino mice 
at three oral dosage levels of up to 750 mg/kg per day, benign 
lung tumors (small adenomas) occurred more frequently in 
femaie mice receiving the highest dose than in untreated con- 
trol animals. There was no increase in malignant or totaí 
(benign pius malignant) lung tumors, nor in the overall inci- 
dence of tumors or malignant tumors. This 21-month study 
was repeated in CD-1 mice, and no statistically or biologically 
significant differences were observed between treated and con- 
troi mice of either sex for any type of tumor. 

Ail mutagenicity tests performed (a dominant lethal study in 
mice, chromosome studies in somatic celis, a Salmonella/ 
mammalian-microsome mutagenicity test, and a nucleus 
anomaly test in somatic interphase nuclei) were negative. 

No evidence of impaired fertility due to Lopressor was ob- 
served in a Study performed in rats at doses up to 55.5 times 
the maximum daily human dose of 450 mg. 

Pregnancy Category C 

Lopressor has been shown to increase postimplantation loss 
and decrease neonatal survival in rats at doses up to 55 5 times 
the maximum daily human dose of 450 mg. Distribution stud- 
ies in mice confirm exposure of the fetus when Lopressor is 
administered to the pregnant animal. These studies have 
revealed no evidence of impaired fertility or teratogenicity. 
There are no adequate and well-controlled studies in pregnant 
women Because animal reproduction studies are not always 
predictive of human response, this drug should be used during 
pregnancy only if clearly needed. 

Nursing Mothers 

Lopressor is excreted in breast milk in very small quantity. An 
infant consuming 1 liter of breast milk daily would receive a 
dose of less than 1 mg of the drug. Caution should be exercised 
when Lopressor is administered to a nursing woman. 
Pediatric Use 

Safety and effectiveness in children have not been established. 


First-step protection for the hypertensive heart 


ADVERSE REACTIONS 
Hypertension and Angina 
Most adverse effects have been miid and transient. 

Central Nervous System: Tiredness and dizziness have 
occurred in about 10 of 100 patients. Depression has been 
reported in about 5 of 100 patients. Mental confusion and 
short-term memory loss have been reported. Headache, night- 
mares, and insomnia have also been reported, 

Cardiovascular: Shortness of breath and bradycardia have 
occurred in approximately 3 of 100 patients. Coid extremities; 
arterial insufficiency, usually of the Raynaud type; paipitations: 
congestive heart failure; peripheral edema; and hypotension 
have beer Ed in about 1 of 100 patients. (See CON- 
TRAINDICATIONS, WARNINGS, and PRECAUTIONS ) 

Respiratory: Wheezing (bronchospasm) and dyspnea have 
been reported in about 1 of 100 patients (see WARNINGS). 

Gastrointestinal: Diarrhea has occurred in about 5 of 
100 patients. Nausea, dry mouth, gastric pain, constipation, 
flatulence, and heartburn have been reported in about 1 of 
100 patients. 

Hypersensitive Reactions: Pruritus or rash have occurred in 
about 5 of 100 patients. Worsening of psoriasis has also been 
reported. 

Miscellaneous: Peyronie's disease has been reported in 
fewer than 1 of 100,000 patients. Musculoskeletal pain, blurred 
vision, and tinnitus have aiso been reported. 

There have been rare reports of reversible alopecia, 
agranulocytosis, and dry eyes. Discontinuation of the drug 
shouid be considered if any such reaction is not otherwise 
explicable. l 

The oculomucocutaneous syndrome associated with the beta 
blocker practoíol has not been reported with Lopressor. 
Myocardial infarction 
Central Nervous System: Tiredness has been reported in 
about 1 of 100 patients. Vertigo, sleep disturbances, hallucina- 
tions, headache, dizziness, visual disturbances, contusion, 
and reduced libido have aiso been reported. but a drug rela- 
tionship is not clear. 

Cardiovascular: in the randomized comparison of Lopressor 
and placebo described in the CLINICAL PHARMACOLOGY sec- 
tion, the following adverse reactions were reported: 


Lopressor Placebo 

Hypotension l 27.4% 23.2% 
(systolic BP < 90 mmHg} 

Bradycardia 15.99; 6.7% 
(heart rate < 40 beats/min} 

Second- or 4.7% 4.798 
third-degree heart block 

First-degree 5.3% 1.9% 
heart block (P-R = 0.26 sec) 

Heart failure 27 5% 29.6% 


pea Dyspnea of pulmonary origin has been re- 
ported in fewer than 1 of 100 patients. 

Gastrointeslinal: Nausea and abdominal pain have been 
reported in fewer than 1 of 100 patients. 

Dermatologic: Rash and worsened psoriasis have been 
reported, but a drug relationship is not clear. 

Miscellaneous: Unstabie diabetes and claudication have 
been reported, but a drug relationship is not clear. 

Potential Adverse Reactions 

A variety of adverse reactions not listed above have been re- 
ported with other beta-adrenergic blocking agents and should 
be considered potential adverse reactions to Lopressor. 

Central Nervous System: Reversible mental depression pro- 
gressing to catatonia: an acute reversible syndrome character- 
ized by disorientation for time and place, short-term memory 
loss. emotional lability, slightly clouded sensorium, and de- 
creased perlormance on neuropsychometrics. 

Cardiovascular: Intensification of AV block (see CONTRA- 
INDICATIONS). 

Hematologic: Agranulocytosis, nonthrombocytopenic pur- 
pura, thrombocytopenic purpura. 

Hypersensitive Reactions: Fever combined with aching and 
Sore throat. laryngospasm, and respiratory distress. 
OVERDOSAGE 
Acute Toxicity 
penta Caste of overdosage have been reported, some leading 
to death. 

Oral LDs«'s (mg/kg): mice, 1158-2460: rats. 3090-4670. 
Signs and Symptoms 
Potential signs and symptoms associated with overdosage with 
Lopressor are bradycardia, hypotension, bronchospasm, and 
cardiac failure. 

Treatment 
There is no specific antidote. 

in general, patients with acute or recent myocardial infarc- 
tion may be more hemodynamically unstable than other n 
tients and should be treatec accordingly (see WARNINGS, 
Myocardial infarction). 

On the basis of the pharmacologic actions of Lopressor, the 
foilowing general measures should be employed: 

Elimination of the Drug: Gastric lavage should be 
performed. l 

Bradycardia: Atropine should be administered. H there is no 
response to vagal blockade, isoproterenol should be adminis- 
tered cautiously. 

Hypotension: A vasopressor should be administered, e.g., 
levarterenoi or dopamine. 

Bronchospasm: A beta,-stimulating agent and/or a theo- 
phylline derivative should be administered 

Cardiac Failure: A digitalis glycoside and diuretic should be 
administered. in shock resulting from inadequate cardiac con- 
tractility, administration of dobutamine. isoproterenol, or 
glucagon may be considered. 
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4-hour security 


for the hypertensive heart 


First-step cardiovascular protection 


Reduces workload of the heart by 
reducing myocardial 0, demand 


Preserves K+ balance 


Normalizes stress-induced systolic 
peaks with cardioselective 
beta-one blockade 

Contraindicated in sinus bradycardia, heart block 


greater than first degree, cardiogenic shock, and 
overt cardiac failure. 


Please consult Brief Summary of Prescribing 
Information on the following page. 


Once-a-day in hypertension... 


: 


Changing the Course of Cardiovascular Care 


Geigy 





MER 


Du 


RH! 


S 


A 


— 


danti bete 





NAL OF CARDIOLOGY * [ISSN 0002-0149] January 15, 1988, Vol, 61, No. $111, 3 years $1 50; — f year $87; — $147, 3. year $23 
$155 air mail), 2 years $158, 3 years $200. Residents Interris, Mi 
Canada $78, — su. uh S, institutions 1 year $ 


B A Pres. Inc. and Audit prec st Circulations. —— 2 times i in 


Krakoff, Executive Vice President Caroli v. a “Group Y Vice 
vice pA — — Financial Vice Presi- 


——— antag a candles. or — any -o sorge retrieval. 
without permission ofthe copyright c owner. Prices on bulk reprin its of ai rtic 





— 
REA RAS eid MUSEOS 
Se SSE 


SEEN MOD 
M s 
OR MEER 
— — * 

n 


RR Be 
Se ea 


— 


TAA EN 


IESU 


— 
es es 
E 


EE 


HS REERER, 


stars abet tas 


DENS 
ATIN 


Publisher's Note 


8 


NAME 


[ e pa 


ressed in this pre 


able to the. h r, editor, or editorial 


ne 


sentation are 


— y board of The American Journal of 


nu Sporn Lo a . — D js $ —— UG 


A Cardiology. Clin ont must guide each physiciar 


' of drugs at dos nd in combinations not included in the c 


iv 


TENA 
SIE 


—— 


y 


E 


Aena 


N: 


DEA 


ENTM 


F 


VE 


TS 





— 


$i 


— 


Ram 


X 


TREE 
ee 


S 


AA 


* 


WOES y mE —— ety - và cwn " , " P TS T— 


— 


ES eee 


POE NE ee em 


Es 
5 


cH 


* 


edor 


ie 


+ 


yeri 


, Joh 
s R. Robicsek 
S 


aza 


mia 


mia 


e 
O 
Yee 


dJ 
h 


an 
E 


t 


h 


yt 


a 
sc 


n 
ru 


* 


r 


venson 


ci 
h 
l 


al 
e 
mond 
D 


h 


ic 


g 


hmias 


Tachycardias 


c 


* 


E 
E 
© 
= 
oO 
= 
Ee! 
€ 
qi 
3 
Q 
as 
G 
— 
= 
x 


ard 


yoc 


-. ” 


mias in 


h 


amin J. Scheriag 


* 


tas 
bert H. S 


ie 


m 
ot 


Selle 


j 


of Arrhyth 
: R 
Il C. Sealy, and Fran 


i 


r Treatment of A 


0 


ol 


armac 


hh 


d Christian Funck 


cal 
rugs 
an 


* 


m 
m, and Anthony D. Mercando 
y 
m 


d Ray 


Wh 


-* 
w 


a 


aroxys 


a, an 
hmias 


or P 
rdi 


ca 


y 
rh 


r 


A 


ae 


rhy 


ts 
erapy 
h 


enj 
ac 


yt 


ric 


* 


t 


un D. Sharm 


ar 
? 


dB 


ry 
i 


G. K 
ni 
Clini 
ley 
ven 
T 


i 


ern, W 


k 

ir 

i an 
ti 

er 


men 
ces 
00 


Arrh 


S 
ent 


in 
t 


oos 
E 
F A 


ic 

es 

to 
I 


w 
sen 
0 
f 


i 
S 
CUuSSIO 
the 
| hmic 


nd L. W 


P 


tar 
10 
tion. 
ra 
rea 
iagt 
Zimrr 

ev 
her, 


a 
33 


: 
of 


C 
r 


hy 

ven 
J. Ki 
: 


i 


hm 
ID 
h 
icu 
ei 


ion 
st 
m 
ms 


i 


o 
s 


a 


P, S 


z 


an 


l 


D 


y 
is 
IS 

d Akh 
al 
is 

D 

arrh 


el 
a 


EK. 
i 


du 


ica 
el 


i 
rr 
as 
ppi 
p 
rge 


In 
E 
M 


vene 
and 
p 
‘Sur 
| n 


0 
a 
Soo 
mu 
enera 
yn 
roa 


tr 
ric. 
ec 
ic 
a 


A 
* 


u 
| Joh 
ar 
Hle 
. Joh 
Dougl 
n 
u 


S 
E 
J 
S 
A 


R 


te 


Pe 


B 


WS 


ENIM 


RSEN 


UN 


Oo oe — PAIR A = 
——— Sev FE S T x. 


i ES x 


D xo 


E ust NATERA pirm — — ER z " " enca » y 
— Y & z SONNERIE AS RATA AGN E A " VIRA PROSPECT nur Soe ERIS QI ARE e aE Fi EAA T — Cr CERE CDD 





— 


zn 


n 


pu 


* 


TS 


x 


ciens 
i 


* 
Eum 


am 


tex 


RE 


* 


35* 


ed 


SS 


anise 


EX 


Ru 


H 


Ms 


—— 


TE 


Sete BE 


it 


y 


y 


a 


D 
on 


rapy 


e 


l 


0 


i 


E o 
( Go 
4 t ad 


iscu 
$0 
all 


* 


al 


ec 
ndrew 


ener 
. Refi 
"d 


uu 


— 


TEST 


* 


SE 


I ON 


Sidi 


RA TES 


ete, 


VIE 
SERINE 


SS 


Ans 


— 





T 
t 
B 


SENE 


2: 


SEES 


EAE 


ZB 


A, 


JANUARY 15, 1988 


The American Journal of CARDIOLOGY? 


VOLUME 61 


NUMBER 1 


A Symposium: Arrhythmia Therapy— Controversies, Directions and Challenges 


Introduction 


ERIC N. PRYSTOWSKY, MD 


TL. last decade has witnessed an explosion of new 
products and data directed toward the diagnosis and 
management of cardiac arrhythmias. In 1977, disopyr- 
amide was approved by the Food and Drug Adminis- 
tration for use in the treatment of ventricular arrhyth- 
mias. Before 1977, only quinidine and procainamide 
were in general use as primary antiarrhythmic agents. 
Since that time, 5 new antiarrhythmic agents have 
been approved. In addition, enhanced knowledge of 
electrophysiologic mechanisms and advanced tech- 
nology have resulted in more widespread use of sever- 
al nonpharmacologic methods to treat arrhythmias, 
such as surgery, electrical devices and catheter abla- 
tion. Methods to identify more precisely those patients 
at risk for sudden cardiac death as well as to determine 
efficacy of therapy (e.g. serial electrophysiologic- 
pharmacologic testing and signal averaged electrocar- 
diography) have developed alongside advances in 
treatment. 

The idea for this symposium was born out of discus- 
sions with those in the Continuing Medical Education 
Department of G. D. Searle, who wanted to provide a 
unique educational program to commemorate the 10th 
anniversary of the approval of disopyramide for use in 
the treatment of cardiac arrhythmias. It seemed appro- 
priate at this point in time to gather together a group of 
internationally known experts in various areas of car- 
diac electrophysiology and pharmacology to discuss 
present and future directions in the treatment of ar- 
rhythmias. The ground rules were simple: Each partic- 
ipant was assigned a topic and given free reign to 
discuss his views, whether or not controversial, on this 
subject. After each presentation, there was a discus- 
sion period that included the speakers as well as a 


.. From the Division of Cardiology, Duke University Medical Cen- 
~ ter, Durham, North Carolina. 
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small group of cardiologists invited to participate be- 
cause of their active interest in the field of cardiac 
arrhythmias. Two general discussion periods were 
also held to address any topic of interest. 

This supplement contains not only the text of the 
speakers' presentations, but also a substantial portion 
of the discussions that followed. It is my hope that the 
information contained in this symposium will update 
the reader as to the current status of knowledge in the 
field of cardiac arrhythmias as well as stimulate new 
ideas for future research. I especially thank G. D. 
Searle for providing an educational grant to under- 
write this non-product-oriented symposium, and ac- 
knowledge with deep appreciation the help of Rhett 
Frye, John Finan and Elaine Affinito. 
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E 3. Delayed (A) and early (B) afterdepolarizations in Purkin- 
| s. The delayed. afterdepolarization is an oscillation that oc- 
te r tuli repolarization (solid line). As stimulus rate increases, 


rise to a triggered action potential (broken line). The early 
polarization is an oscillation that precedes repolarization 
ine). it Increases in amplitude as stimulus rate is slowed and 

ch Testo" giving rise to à triggered action potential 
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^or any increase in inward (sodium or calcium] 

epolarizing current.'4 | 
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and will tend to increase in rate as the preceding 

e increases)" 7-19  — 
nduction abnormalities may result in complete 
of. propagation or arrhythmias that are reen- 
0 Reentry may involve a site of unidirectional 
on block and retrograde propagation so that 
se can reenter a segment of the conducting 
id reexcite it. The initial impulse that induces 
may, in turn, be induced by the normal 
; inus node or by the interpolation of an- 
D automatic or Irggered (or 
k eno 


AMPLITUDE (mV) 


4 


BCL (sec) .-. 
FIGURE 4. Relation of the amplitude of delayed (A 
afterdepolarizations to the drive cycle length 
[BCL]). For the delayed afterdepolarizations (indu 
cholamine In coronary sinus), amplitude increase: 
fashion as drive cycle length is decreased. be 
opposite is true for early afterdepolarizations. {h 
stance by cesium in Purkinje fibers), for which an 
as drive cycle length Is prolonged. As amplitude 
instances, threshold is more likely to be reachet 
instances is tachycardia. This arrhythmia Is prec 
dia and bradycardia in the setting of delayed. and ¢ à 
tions, respectively. : 


fibers so that an abnormal rest and action 
{i.e., the calcium-induced slow respons 
supervenes. 

The critical cycle length at which ree) 
varies widely among persons. In gener: 
length that most favors reentry in any persc 
which sufficient time elapses for the reentra 
to negotiate its path of propagation so that 
ly meets tissues whose refractory periods I 
nated (Fig. 6A). As soon as it encounters 
site, conduction in that direction will te: 
flection is another conduction disturba 
induce arrhythmias. This term has bee 
scribe propagation of an impulse in a re 
ion along the pathway it initially travel 
site of conduction block (Fig. 6B],9:19 as 1 
gation dependent on subthreshold or el 
tials (Fig. 6C).^! For the purpose of this. 
mechanisms are grouped under the gen 
reentry. 


Clinical Cardiac Arrhythmias : 
The classification of cardiac arrhyth 
above has proven useful, especially in 
physiologic studies of arrhythmogeni 
which the microelectrode technique h 
record transmembrane potentials. M 
techniques have been particularly hile 


s ing our r understanding | of mechanis 





d, i it was arizations, b TA into 2m » 
ophysiologic events that Cranefield!! was 
st iguish between automatic and triggered 


200 msec 


elation ot the normal or fast response, Purkinje fiber 

(solid. line) to the slow response (broken line). After 

the: fiber to low membrane potentials, at which the 

snt responsible for phase 0 is inactivated, there is a 

ion potential that Is dependent on a slow inward 
« um and, to a lesser extent, sodium. 


J100 mv 
600 msec 


generated befi ore an afterd 
ited). Nonetheless, it also was stone bed 8 th 


tinctions between automatic and triggere 
might become less clear as we attempted to ap 
understanding of these cellular mechanisms to 


tact heart.!!^* The reasons for this are as follov 
major difference between automatic and. tr 
rhythms at the cellular level—the ability toa 
novo—is often difficult to determine in clini 
stances when the heart is beating. True, onem 
drive suppress an arrhythmogenic focus (an eve 
sistent with automaticity) and then observe its, 
reemergence, but this does not mean that one. 
duced quiescence of an automatic focus in the 
heart followed by reemergence. A plausible a 
tive explanation for this phenomenon is tha 
activity, too, can be terminated by overdriv 
and then reemerge if it is triggered by thed 0 
rhythm of the heart. = 
One might attempt to differentiate trigger 2 
automatic activity based on the response 
mechanism to premature stimulation. Tr g 
rhythms resulting from early or delayed afterdep 
zations can be terminated by premature stimul 
but they also can be reset.!?!? Although the Kk 
response is not often seen with automatic activi 


juction. disturbances associated with tachyarrhythmias. Panel A shows unidirectional block and reentry. Ant 
— is blocked at asite of Bund tissue (shaded nid but continues to propagate ted the normal th 





tion of automatic gh ne ey Another — 
from the fact that just as triggered activity result- 
om afterdepolarizations can be induced by a sin- 
mature stimulus, there | is at least a theoretical 


is may Sed be true for aitemate activity. 26 

dies to date have suggested that the major (and 

seful) differentiator of triggered activity result- 
rom delayed afterdepolarizations and automatic 
ty may be that the former increases in rate, for at 


FIGURE 7. Me 
to arrhythmias. 


mal diastolic pot 


tions.”8.19 Microelectrode studies of reel 
ed tissue models are limited, but thos: 
done clearly show that such activity 
consistent and identifiable pathway an 
the result of afterdepolarizations.*°-? Stu 
ed tissues and of intact hearts using 1 
niques have demonstrated in detail th 
lowed by reentrant rhythms, as well.a 
specific conditions of conduction and re 
the reentrant circuit.???* Despite these 
clear that in the clinic, both delayed aft 
tion-induced and reentrant rhythms may 


triggered; i.e., both may be induced or terr 
producibly by critically timed premature b 
by rendering differentiation of the mecha 
cult. Moreover, although abnormal conducti 
is a prerequisite for reentry, must be pres 2i 
trant circuit, it also may be present in a 
which afterdepolarizations are inducing. 
mia. Hence, although the presence of a 
duction and a dependence on critically : 
for initiation and termination are useful i 
reentry, the distinction between reentr 
polarization-induced rhythms still may b 
discern, 

In cellular electrophysiologic exper 
studies using mapping of multiple site 
is usually possible to differentiate ree; 
gered and automatic mechanisms. Hc 
clinical situation, even the most sophis 
techniques may be unable to diffei 
nisms from one another. This does no 
new ideas and the development of refir 
we will be unable to improve our id 
mechanisms, For example, recent stu 
entrainment of arrhythmias show | Pp 
to identify reentry.” ! 

It would be useful, both now ane 
have a common terminology that co 
both clinical and basic studies 
would not supplant — olde 


t1 to 2 beats, as it is overdriven at progressively 
ster rates, whereas the latter becomes increasingly 
rdrive suppressed.” The exceptions here are that 
gered activity resulting from delayed afterdepolar- 
ions can also be suppressed at very fast stimulation 
19 and that the ability of automatic foci to be 
lrive-suppressed by rapid stimulation diminishes 
e membrane potential of the automatic cells 
ases." 
contrast to delayed afterdepolarizations, early 
epolarizations are best elicited at slow rates of 
ation and tend to induce arrhythmias most 
as heart rate slows.19!9 However, once early 
olarizations elicit an arrhythmia, their re- 
o pacing is not readily distinguishable from 
of abnormal automaticity at low membrane 
ials.!9 
P umming up the information reviewed thus far, 
ugh it is relatively easy to differentiate automatic 
iggered activity in isolated tissues, similarities 
expression of these rhythms and their respon- 
pacing make it more difficult to separate them 


bare further problems when one considers 
rhythms. Clinical reentry often is induced 
ated reproducibly by single or double pre- 
1u1i.28.29 Tt also may be initiated or terminat- 


stained — — Furthermore, if DR en- 
iere t pathway, th 





iques, and ethene pos- | 


-not considered. In still other 
ttempts. are made to differentiate auto- 
y and "triggered rhythms" or "triggered 
" When this type of categorization is con- 
light of cellular electrophysiologic mecha- 
terminology), it is, at best, confusing. This 
s compounded when researchers who are 
n cardiac arrhythmias but are not directly 
1 the field of electrophysiology attempt to 
-the relation between cellular descriptors 

sm and clinical arrhythmias. 
nication between clinicians and basic sci- 
improve, and the sharing and application 
ion might be facilitated if arrhythmias 
tegorized according to the system shown in 
his classification is suggested primarily be- 
siders clinical tachyarrhythmias in terms 
lectrophysiologic descriptors of their un- 
mechanisms. It is not meant in any way to 
ie classification systems for cellular mecha- 
hythmias that have been developed earli- 
ubsequently modified and updated.? Rath- 
same terminology and is meant simply to 
nicate the relation of more basic experi- 

to the clinical context. 
idering this classification, the following 
oted: First, any tachyarrhythmia may be 
ttent or sustained (and any of the mecha- 
ssed may contribute to either an intermit- 
ied arrhythmia), depending both on the 
ponsible for initiation of the arrhythmia 
duction, refractoriness and competing 
unction (e.g., that of the sinus node] in the 
id, all clinical tachyarrhythmias will 
‘either spontaneous (i.e., primarily auto- 
uced (i.e., initiated by a diversity of mech- 
iding reentry, reflection, afterdepolariza- 
1 some instances automaticity). Moreover, 
tic rhythms may be overdrive suppressible, 
ssible or variably suppressible, depending 
of membrane potential of the automatic 
as on the ability of an overdrive pace- 
n access to and stimulate the automatic 
| tomatic foci may be induced is indicated 
line in Figure 7, because information 
gely theoretical, although the modifica- 
ic 


precise descriptors ‘of their behaviur : an 
their differentiation will become available à 
tinuing thought and investigation. 
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Mechanisms of Clinical Tachycardias 


; that cardiac. —— can 
ty of n | iS . In clinical set- 


"nm mede : —— However, 
gent up: erbe demonstration of 


mechanisms for the development of car- 
as have been identified in animal mod- 
r, the only mechanism that has been 
ivestigated in the intact human heart is 
1 this proposed mechanism of clinical 
been questioned in many cases. In this 
rent knowledge of the mechanisms re- 
diac arrhythmias encountered in clin- 
eviewed. Only sustained regular tachy- 
al significance are considered, and 
as atrial and ventricular fibrillation 


of —— — erates 
with r recurrent plea a ne 


V eh PES. The E of PES may 
because patients with arrhythmias 


cape rhythms. Tachycardias by ibnormal autom. 
ticity have seldom been investigated for die 


ef documenting the mechanism and therefore the 


limited data available make it difficult to draw | 
(Am J Cardiol 1988; 61: :9A- : 


not considered traditionally inducible may nat b 
ferred for electrophysiologic evaluation. For the: 
sons, it is possible that the overall incidence of re 
as a mechanism for human arrhythmias has | 
somewhat overestimated. Nevertheless, patient 
ferred for recurrent symptomatic sustained tach: 
dias generally do have inducible arrhythmias v 
tested with PES. In this report, inducible tachycard 
are discussed first, followed by OE Candice o 
ducible with PES and often ascribed to normal ¢ o 
normal automatic mechanisms. 


Inducible Arrhythmias 


At present, data suggest that inducible — th 
can be broadly attributed either to reentry or to < 
depolarization. Among the latter, delayed. aft 
polarization has been implicated more often tha: 
called early afterdepolarization as the cause « 
tained arrhythmias. Therefore, for practical | ur 0: 
a distinction between reentry and trigg 
due to delayed afterdepolarization has becor 
tant." [t has been Mp — to | 

imal models: however 


tween the 2 i in anim ] 





arrhythmias with well-defined reentry euim he both types ofr 
he circus movement reentry tachycardia in lends credence to the theory that acc 
inson-White syndrome (i.e., both orthodro- are an essential component of the r 
1 antidromic tachycardia using large reentry circus movement tachycardia. | 
s) provides the most convincing examples of re- The only other large circuit reentry tha 
as a mechanism for causing arrhythmia in hu- ted demonstration of the routes of i impul 
11.12.17 Orthodromic tachycardia clearly requires is the so-called macroreentry in the Hi 
t atrial, anterograde atrioventricular (AV) nodal, tem or bundle branch reentry.!??? Bund 
Purkinje system, intraventricular and retrograde entry can be demonstrated as a singl 
ssory pathway conduction for the process to con- patients with normal intraventricular c 
. Similarly, during antidromic tachycardia, anter- the reentry circuit can be identified b 
ograde accessory pathway, intraventricular, retro- cordings from the His bundle and bt 
e normal pathway and intraatrial conduction are (Fig. 2]. 19 Sustained tachycardia of th 
ssary. A somewhat similar tachycardia involving induced in the laboratory in approxim: 
ner accessory pathway in a retrograde direction tients with diseased His-Purkinje syst 
yben more common than previously thought (Fig. 1. with sustained monomorphic ventricu 
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i 
1 
i 
i 
1 
i 
i 
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Pict 
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ver * n Aachenis i in a » patient with 2 accessory pathways. The ore in each “paneled P 0 
— — leads 1, i Vo ra right atrium (HRA), coronary sinus ( CS), His bundle (HB) — 





oposec eset anid the hypothesis ized in animal models, and the emergen 
ntry being used to — the mechanisms o: 
humans. 


ias ORAE by known 
therefore been used to indi- 


slnsadieinheusshremddeenuyl vfo sus 


— r pooner 1 —* seta — premature b beat (S2) delivered in the right ventricle is followed era: a 


bundle branch, i de, * the previously proposed circuit of reentry. HRA = = high right atrium: RB = = = prorina rig 


170 





of ventricular LEE cannot be initiated 
way. Hence, a lack of inducibility under such cir- 
itances does not rule out reentry as the mecha- 
However, when the basic cycle length is short 


he arrhythmia follows a series of premature 


tachycardias from either of the 2 mechanisms 

e induced. 

Return cycle: It has been suggested that the trig- 
d rhythm from delayed afterdepolarization main- 
a direct relation with both the basic cycle length 
he coupling interval of the initiating beat.21.2225 [n 


'dia due to triggered 


700m 


to have an - inconsistent effect on tac 
ibility, an inverse relation between tł 

val and the return cycle can often. be di 
(Fig. 5). — 

Introduction of isolated premature’ 
entry tachycardia with an excitable ge 
varying effects, but seldom results in 
shorter than the cycle length of tachyc 
Such a pattern of decreasing return: 
more characteristic of a triggered rhy 
talis toxicity than of a rhythm due to r« 
tion." A reentrant circuit without ar 
would be difficult to evaluate on the ba 
cycle length. 

3. Conduction delays and block: Beca 
umented reentry phenomena are asso 
duction delay, its association with th 
cardia is used as indirect evidence t 
underlying mechanism, Although cond 
can often be demonstrated for AV noi 
orthodromic tachycardia, they are seldon 
ed in atrial or ventricular tachycardia. The | 
conduction delays and intraatrial bloc! 


VCL:700 


GO 


SS 


i m.sec. 
V1 V2 


FIGURE 5. Return cycle during bundle branch : re 
— (Ret) — in the left bundle bran 





| ^ rh — 28 This — Pe sup- 
aus — relation since ate thmias Mn 


e ceo a onan ol atrial 1 impulse i in the 
pathway or ventricular impulse in the His- 
ystem often coincides with the onset of or- 

achycardia. Unfortunately, this relation 
iown in the intact human heart with either 
triculr arrhythmias. In AV nodal reentry, a 
oe in pisi ar conduction time is often 
Pr Ride — is consid- 


tria reentry. Panel A depicts 
; v delay between low — 


ap — in the aan), 
T s reexcited. VEL = ventric- 
— with permission 


+ Coupling 
<> interval (ms) 


DECREASING 


FIGURE 6. Return cycle during resetting of ventricular tachy: 
Depicted are patterns of return cycle from 32 patients (3 7 tact 
dias) after rest with single or double premature stimuli. i 
tricular. tachycardia. All except the decreasing patterns wer 
The decreasing pattern has been observed in digitalis-ir duc 
tricular tachycardia, presumably induced by triggered delayed 
terdepolarizations. F = flat; | = : increasing. (Reproduced wit 
mission from Circulation.”*) 





In large circuits, such as those ass 
thodromic and antidromic tachycardie 
criteria pointed out by Waldo et al’? : 
Extrapolating this tpe of information to « 
such as those in ventricular tachycard 
done with caution. Figure 10 illustrates 
how entrainment and fusion might be 
tachycardia induced by a nonreentrai 
This process is herein explained. — 

Assuming that an abnormal automa 
ists in the diseased portion of the m 
initial impulse may block in 1 directio: 
the other, thus setting up an activatic 
could closely simulate reentry. A link 
resulting from collision of 2 impulses: 
initial block could sustain the same set 
tion. In other words, each automa 
impulse may be forced to follow the 
previous impulses because of previous 
proaching from the other direction. By 

| . — away from the point of initial breakthro 
200 300 400 500 could advance along the committed rou 
| $182 (Aj A2) MSEC. the exit point and then fuse with the n. 

JRE 8. Initiation of atrioventricular (AV) nodal reentry. Progres- pulse. Termination of pacing could resi 

AV nodal delays (A;H;) can be seen as the A,A; intervals are gence of tachycardia from the nonreent 

ened. A sudden upward shift in S;H; and H,H, curves occursat PISM. During the so-called entrainment, 

A, of 360 ms, which coincides with initiation of AV nodar tachycardia could remain concealed. ' 

ntrant tachycardia: This finding has been interpreted as indica- interpreted as tachycardia entrainmet 
y of block of the fast pathway and a shift of anterograde conduc- during pacing is simply a collision betw 
to the slow pathway. ACL = atrial cycle length; Ant. R.P. = impulse emerging from the area of abn 
nterograde refractory period; ERP = effective refractory period; dium and antidromic propagation fro 
RP = relative refractory period. impulse. — 
dii So-called tachycardia entrainment 
misnomer because during entrainmen 
oe impulses are propagating, and there isn 
ual reentry is uncertain at present.*! Therefore, pro- tachycardia impulse. This interaction b 
essive conduction delay, block, or both, that coin- dromic and antidromic wavefronts initi 
les with the onset of tachyarrhythmia strongly sug- linking phenomenon. The linking pheno 
st reentry as the mechanism but do not prove it. demonstrated in large circuits, both in ta 
4. Entrainment and progressive fusion: Since the — in nontachycardia settings, and concéiv 

vonstration of atrial flutter entrainment by Waldo cur in small circuits as well (Fig. 9 a 

],22-4 entrainment with overdrive pacing has been types of linking phenomenon previi 
m have somewhat different electroph 

(Fig. 12). The first type, linking by inter 

acterized by an impulse that actually b 
wake leaves refractoriness, which in t 
block of the next impulse approachin, 
site direction (Fig. 11 and 12, panel B]. 
of linking is characterized by the a 
orthodromic and antidromic impulses. ! 
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inment of macroreentrant ventricular tachycardia. During a sustained bundle branch reentry with a cycle length of 310 ms 
verdrive pacing (CL 270) advances the His bundle (HB) potential by engaging the right bundle in a retrograde fashi 
ption of the original tachycardia rate. The diagrams at the bottom show sustained circuit (A), entr ainment with 
no tachycardia when pacing is interrupted (C). LB = left bundle; RB = right bundle; VM = v entricular n 
permission from Circulation,?5) a 


: sets up an area of refractoriness through ( Non reentrant VT ) 
idromic impulse fails to propagate, thus | 7 
to different — of tuns on 
ble Information on the electrophysiologic — LAR, 
tiarrhythmic drugs, it appears unlikely ILA SS 
response to a given agent will clarify 
mechanism.’ Most agents have nurner- ! 
s makes the inter pretation of response FIGURE 10. Entrainment with fusion (nonreentrant ventricula 
a ly in clinical settings." Even in the tachycardia [VT]). These diagrams show 1 possible scenar 
& activity due to digitalis toxicity, which which an automatic tachycardia can be associated with an ac 
| by verapamil, this effect cannot be — qon sequence simulating reentry (/eft panel). Overdrive pacin 
emonstrating triggered activity because remote from the exit points of VT results in fusion and orthodromic 
agents can produce the same results. penetration and engagement of the area of VT origin. (See t 
adrenergic blocking agents may also pro- more detaits.) cC 
ic responses. Since catecholamines 
elayed afterdepolarizations and im- 
in depressed areas as well as en- T. 
ous ph prove that reentry is the mechanism responsible, si 
fectiv a depressant effect on conduction may also be as: 
ated with suppression of other arrhythmia m 
nisms, Obviously, in atrial and ventricula: 
circuits, the effects of specific drugs are more 
, to assess in terms of their relevance to a st 
Anis s "m : 





; a des IC) n may ——— some al the 
convincing support for reentry as the mechanism 
ntricular tachycardia associated with old myocar- 
Marction. Although incessant tachycardia is not 
on, less severe forms of drug-related aggrava- 
uch as easier initiation and more difficult termi- 
on, are not uncommon in the laboratory in patients 
monomorphic ventricular tachycardia. It is not 
ar whether such a response to a class I agent can 
ccur in arrhythmias due to other mechanisms. 
Effect of local manipulation: The ability to termi- 
te a tachycardia (by local pressure, cooling, etc.) at 
oint along the reentry excitation pathway pro- 
conclusive evidence that reentry is the mecha- 
im res onsible. The effect of local manipulation 
be tested at several points along the presumed 
ry pathway, since isolated manipulation may ter- 
ate an arrhythmia induced by any mechanism if 
te of origin is mechanically altered. Furthermore, 
entry tachycardia that is terminated by localized 
ipulation of a critical point (ie, the accessory 
way or the exit site of a ventricular tachycardia 
uit) may not be terminated by manipulation at oth- 


inr often result as 
rate by increasing the revolution tir 
a slowing of the tachycardia rate or 
local manipulation supports reentry 
the inability to terminate the tachycard 
manipulation does not rule out reen 

A variety of other findings, includi 
for induction or termination, overdrive 
abrupt termination and rates of tachy 
very useful for distinguishing re 
from other triggered phenomena in 
However, determining the specific 
clinical arrhythmia involves the consid: 
eral criteria and is not done on the E 
finding. Collectively, many of the fo 
tions provide a fairly accurate assesst 
anism of tachycardia in individual p: 

Table I lists those clinical arrhyti 
ascribed to reentry in order of decrea 
Most of the well-defined reentry circu 
within the AV junction and tend to ber 
However, these well-established reenti 
sometimes cannot be initiated when the r 
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ythms and tachycardia related to digitalis toxicity arising in the atria, atrio- 
tricular junction, fascicle or ventricle 
lerated junctional and idioventricular rhythms 
ain forms of ventricular tachycardia 
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E Hl Clinical Arrhythmias Due to Abnormal Automaticity 
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ocat atrial tachycardia 
smal junctional ectopic tachycardia 
forms of ventricular tachycardia 


ia does not rule out reentry. Cardiac arrhyth- 

as that may be due to triggered activity in the clinical 

g have been difficult to define but may include 

e in which accelerated rhythms and tachycardias 

to digitalis toxicity arise in the atrium, the AV 

tion or the ventricle.?7-3? In the absence of digitalis 

ty, a variety of cardiac arrhythmias have been 

ed to triggered activity, but proving the precise 

anism responsible remains difficult.?9! Table II 
some possible examples. 


Noninducible Arrhythmias 

‘haracterizing the rhythms and tachycardias that 
10t be induced with PES has been difficult. Such 
ythmias are generally termed "automatic." ^^ Per- 
aps the only convincing examples of such arrhyth- 
as arising in the face of normal automaticity are 
us rhythm, escape junctional and idioventricular 
thms. Normal automaticity has been defined as 
rythms that cannot be initiated or terminated but can 

e overdrive suppressed. 
Jemonstration of abnormal automaticity, which in- 
es rhythms that cannot be initiated, terminated or 
rdrive suppressed, has been equally difficult.* It is 
ivable that transient arrhythmias, particularly 
issociated with high catecholamine levels, are 
o such mechanisms but are seldom studied for 
er definition. Table III lists some examples of clini- 
rhythmias that are thought to be due to automa- 
owever, such considerations are based on the 

. data available. 
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Generation of Arrhythmias in Myocardial 
Ischemia and Infarction : 


RALPH LAZZARA, MD, and BENJAMIN J. SCHERLAG, MD - 


ent years an enhanced interest among re- 
hers combined with the availability of new 
ologies has increased our knowledge of the 
anisms that generate arrhythmias in patients 
schemic heart disease. Convincing evidence 
een obtained to support the occurrence of re- 
y in ischemic myocardium. This has been espe- 
y apparent in canine studies in the surviving lay- 
verlying infarctions several days after coronary 
sion. In this planar model, the reentry circuit 
ms a figure-8 configuration around an arc of 
ional block due to refractoriness; the center of 
rc is the site of unidirectional block and reen- 
e reentry circuit is sustained by wavefronts of 
activation encircling segments in which the tissue 
either side is alternately receptive and refractory, 
ariant of the leading circle model of reentry. The 
latively prolonged refractoriness in ischemic tissue 
due to time-dependent refractoriness, i.e., postre- 
arization refractoriness, which is most prominent 
more severely — celis. Siow conduction 


ouraging gains have been made toward elucidat- 

g the mechanisms for tachyarrhythmias in ischemic 
rt disease. Growing interest and the application of 
technologies, notably intracellular recordings of 
brane potentials and ion activities and mapping 

V i — with E — 


ences sof NR of different severities and 
fuc dous remains distant. Nevertheless, we 


is related in part to primary depression 
channels. There is a great variation in refr 
riods in ischemic tissue because of vari: 

tion potential duration and in the duratio 
dependent refractoriness. The depolarizec 
potentials of cells in acute ischemia are dü 
to extracellular accumulation of potassium 
tracellular accumulation of calcium. in the latt 
stages of ischemia it is likely that abnorma 
ion distribution across the sarcolemma play | 
has also been demonstrated that ischemic. 
fibers show abnormal automaticity, i.e., enh: 
phase 4 depolarization at depolarized diast 
tentials, and afterdepolarizations with trigge 
ing. The relative importance of these 2 pl 

in arrhythmias in vivo is controversial. ' 
dence that reflection may be a mechanis 
generation of ectopic beats in the first fe 

of acute ischemia. 


(Am J Cardiol 1988;61 


appear to be germinal to arrhythmogenesi 
changes that are highly suspect. We have gi 
ient insights into ischemia-induced abno 
fundamental cell processes that underli 
trophysiologic manifestations. We have 
beyond reasonable question that reentry 
nism for generation of arrhythmias by isc 
in animal models. In addition, the topo; 
circuits has been described in terms of : 
spatial sequences of activation of cardiac 
the initiation and maintenance of ree 
Ischemia encompasses a number of 
rangements, including deprivation of 
ments of energy supply, stagnatio 

tion of metabolites and disturbance 


| ——— of electrol tes and [ 





cts of ischemia as they re- — 


isms for generation of ventricular 
ias. More comprehensive and critical 
'e been published in recent years.!? 


onal theory: The idea that a wave of exci- 
| continuously propagate in a circuit and 
'hyarrhythmias was suggested near the be- 

f this century.*? The original conceptual 
rongly influenced by Mayer's studies of ex- 
gs from. the jellyfish mantle, invariably in- 
hole” or inexcitable region encircled by the 
rly experimenters looked for realistic condi- 
in the heart that might supply the basic ele- 
ha hole. For example, it was suggested that 
he venae cavae might be the holes around 
cuits could form to generate atrial flutter. 
earchers proposed that terminal triangular 


icted of Purkinje strands connecting to 


ar myocardium might form circuits capable 
ing ventricular tachycardia.!? 
n impulse can propagate in any direction 
yocardium, it was clear that in order to 
tinuously operating circuit, there must be 
jle, but also a means to channel the im- 
^1 direction through the circuit. Mayer 
by applying pressure on 1 portion of 
the first transit of the impulse to 
mpulse from traveling in more than 1 
then released the pressure in time to 
of the impulse as it approached from the 
o complete the circuit. In this way he 
ctional block, generally accepted as an- 


he inaintenaiice, e reentry circuits. 
ndition usually considered essential for 
on and maintenance of reentry is slow con- 
rt of the circuit. Slow conduction usually 
duction velocities that are less than those of 
cardium or Purkinje tissue. Slow conduc- 
lt from the inclusion of a normal slowly 
ement (such; as the atrioventricular node} 
abnormal depression of conduction or 
ring the relative refractory period. The 
ating the need for slow conduction was 
ormal conduction velocities and nor- 


jeriods of myocardium and Purkinje | 


ed that unrealistically long reentry cir- 
'equired if the conduction time in the 
ger than the refractory period. Of 
ation of the refractory period would 
horter circuits at any given conduc- 
der real conditions, the slowing of 
icacious means — consummat- 


B. Leading circle 


FIGURE 1. Models of reentry. A, the traditional ring model. 
of unidirectional block (solid bar) prevents passage of i 
pulse in 1 direction. The open part of the bar represents the 
that conducts the returning. impulse (R.P.) after the initia 
has been blocked. Stippled area denotes a region of slo / 
tion. The conduction times (C.T.) around the circuit are 

the circle. Total conduction time and refractory period 
beside the entry site. B, initiation of reentry in the. leadi 
model. An impulse initiated at the stimulation site (+) en 
line of refractoriness (solid bar) around which the wave fr 
and later finds a receptive area (open bar) where ret 
receded during the time required for the encircle 

8 model in which the wavefront of activation 
refractoriness (arched bar). The waves enc ch 





jircuits recently have been modified 1 in 

ie | inding that stable reentry circuits need not 

und a hole or fixed barrier, but can form 

.thin interface between regions of tissue that 

rately refractory and receptive during a single 

1is phenomenon was first described in atrial 

designated the "leading circle" model of 

ig. 1B). In this model, absolute refractori- 

s as the functional barrier to the circulating 

o, and relative refractoriness produces slow 
tion. 

actoriness provides the unidirectional block 

tiates the circuit. An impulse approaching ini- 

‘om 1 direction is blocked when it encounters 

tory tissue, which recovers in time to allow con- 

of the impulse arriving later from the other 


discussion so far has dealt with stable reentry 
ts. Since the turn of the century, it has been sug- 
d that fibrillation might represent chaotic reen- 
excitation, i.e., multiple continually migrating ac- 
on ‘wavefronts. $7 Wiggers! and Han and Moe? 
ed on fibrillation induced by strong stimulation 
g the T wave (relative refractory period). They 
forced the idea of multiple unstable reentrant 
IWays as the basis for fibrillation and emphasized 
importance of variability of refractory periods i in 
induction of fibrillation. The thesis that an increase 
ispersion of refractoriness promotes reentrant ar- 
hmias has been reiterated many times and sup- 
rted by numerous studies. 
t has been known for a long time that myocardial 
hemia can produce all of the requisite conditions of 


JRE . Perpetuation of reentry. A, reentry circuit circulating 
i line of refractoriness. As the wavetronts circle, first one 
the line and then the other is refractory, preventing the 
from crossing the line in the center and extinguishing. B, the 

odel, i in which: the wavefronts: of activation progress in 
irections along the c outside of 2 arcs of block, encircle the 
lesc 3 the arcs of block at um interspe 


- sequently, the postulate that reen 


tant mechanism for arrhythmias i ini 
attractive. | 

In the previous decade, the ease of ir 
arrhythmias by premature stimulation! 
servation of delayed and fractionated: 
grams in ischemic myocardium correlatin 
ic beats!?-24 strongly supported the po 
reentry. Recently, this postulate has bee 
studies mapping the activation sequences 
induction and maintenance of ventrict 
rhythmias in animals- and in human 

The evidence so far suggests that onl 
circuits fit the old description of a co 
around a hole, i.e., a scar, the so-called “d 
el?! Most reentrant circuits in ischemi 
appear to form around interfaces of r 
receptive tissues as in the leading circle 
circuits include 2 separate interfaces wit] 
convergence in between, a phenomeno 
"figure-8" model(Fig. 1C and 2. = 

The experimental model that has been stu 
extensively with mapping is that of dogs, ii 
anterior descending coronary artery has been 
ed for several days. In this animal model, ; 
of surviving subepicardial myocardium. ove 
infarcted zone.3233 Reentrant circuits in this tl 
can be considered to form in a 2-dimension: 
The wavefront initiated by premature stimu 
the epicardium encounters a linear interface 
tory tissue (arc of block) within the ischemi 
encircles this interface at both ends, which 
of receding refractoriness. Dual wavefr 
toward the center on the other side and co 
the middle of the original refractory line, w 
ers enough to permit the coalesced wavefr« 


the original interface in the other direct 


The sequence of activation across the | 
er at longer cycle lengths may be mildly s 
is orderly. As a result, there is no arc of blo 
edly slowed conduction. Thus, refractorii 
ates the arc of block and slow conduction for 
try circuit at the shorter cycle lengths. - 

Recently, refractoriness has been ma 
tion to the activation sequence.” Thes 
cate that the initial plane or line of blo 
the isochronous lines of refractory per 
gion of steepest gradient of increasin 
This temporal and spatial topograph 
plies to this specific model at the stage 
infarction in which viable myocardial 
mically damaged but has not been in 
brous tissue. E 

There is evidence that at late: 
subepicardial layers undergo patc 
brous replacement." 33,58 The resu. 





ıs tissue produces fractionated ep: Recent stidies of intercellular « commi 
liograms Andi a more diced pat- ischemia have provided evidence that the : 
ion of subepicardial layers (Fig. 3). Un- duced space constant in ischemically injure 
he way in which reentry circuits form in ing myocardium. It is postulated that resist 
setting has not been clarified because ar- tight junctions between cells is increased, 
are difficult to induce and do not occur tight junctions may be sparse due to intermi 
isly at this stage in dogs. brosis in later stages of ischemic i injury. This 
-of conduction: Certain changes in basic 
ysiologic properties have been uncovered 
mnducive to the generation of reentrant exci- 
ors identified as being instrumental in the 
conduction in ischemia include reduced 
egative) resting potential, depressed fast 
tivity (ie., depressed membrane respon- 
nd diminished electrical communication 
 [1.e., limited spread of excitatory current)! 
polarization during acute ischemia is due 
part to an increase in extracellular potassium 
on as a consequence of leakage of intracel-. 


ssium.*” Some investigators have suggested i 
crease in calcium concentration in the cyto- FIGURE 3. Patterns of activation and electrocardiograms i 


failure of various energy-dependent pro- and ischemic epicardium. A, in normal epicardium, wavefre 
at maintain low cytosolic calcium, might erally form concentric ellipsoids spreading from the point. o 
rrents flowing i into the cell through calcium- lation (X). This pattern reflects uniform anisotropic conducti 
onspecific cation channels? These cup- more rapid velocity occurring in the direction of fiber bundle 
postulated to contribute to the ' ‘injury cur- tation. The electrogram configuration recorded by a bipolar 
schemia and to parti al depol arization, ‘rede (2 dots) is shown below. B, with uniform depression 0 
tivity of the Na-K pump also may contrib- duction, as might occur with depressant agents or perh. 
; polarization by eliminatin g the outward, relatively early stages of ischemia, the wavefront configur 
zing current n ormally generated by the remain ellipsoidal but conduction is slowed. The electrogr 
| ever, there are indications that the pump correspondingly prolonged and reduced in amplitude. There m 
) function i in the early stages of ischemia.32 disproportionate slowing in the direction transverse to the 
g ges of ischemia, surviving cells may remain bundles. C, an irregular pattern of wavetronts is characteri 
d even though it is unlikely that they are ischemic myocardium, especially in chronic stages when 1 
high. extracellular potassium concentra- tissue is intermingled with viable myocardium. The electrog 
investigators have found decreased intra- tends te be fractionated, reflecting the slow progress of the irr i 
issium and evidence of reduced potassium Wavefronts below the recording electrodes. 
y in later stages.4 All other factors being | 
ced membrane potential leads to partial 
of the normal fast channel and less excit- 200 


hanna activity is depressed beyond the 
sted from depolarization, as demonstrated 
n of the relation between maximal up- . 
and membrane potential for normal Vmax v/sec 
lls.! The relation is shifted downward, 
oke velocities at given levels of resting 
e cases, it is also shifted leftward, i.e., 
ted at resting potentials where nor- 
els are completely inactivated. These 
n in Figure 4. Early suggestions that 
Strokes generated at very low resting 
reflect current flowing through the 
ze not been verified by experiments 
ow-channel blockers were used.‘ 
annel i is s supported by clinical 





5. Representation of action potential in association with the 

irrents that influence the plateau. The fast (sodium) current 

imal during the upstroke and continues to flow at low levels 

M of the plateau (plateau or window current). The slow 

rent peaks toward the end of the upstroke and the over- 

orsists during the plateau at a lesser level. There is also 

jl ility that inward sodium-caicium (Na/Ca) exchanger cur- 

lay flow during the plateau. Potassium (K) currents are dimin- 

d during the initial plateau but Increase and peak during rapid 
es of repolarization. 


intracellular communication would produce both 
owing and irregularity in the spread of excitation. 
' recently, following the lead of Spach and co- 
rkers,“*# it has been suggested that the alignment 
fibers and directional differences in the density of 
ght junctions may determine the loci of block and 
guration of reentrant circuits,” 
ie refractory properties of ischemic cells are al- 
red. by virtue of changes in the duration of the action 
tential and the prolongation of time-dependent re- 
very of excitability, i.e., postrepolarization refrac- 
ss. It has been known fora long time oe action 


n may — an increase in pone potassi- 
m, an increase in cytosolic calcium that activates 
rizing currents" and inactivates slow inward 
ent? and an increase in intracellular pH that re- 
s slow inward current. The major currents in- 
ed. in the plateau and repolarization phases are 
onted in Figure 5. 
stages of ischemia, action potentials may be 
"abbreviated or comparatively normal in 
ion.!350-52 Action potentials are greatly pro- 
in Purkinje cells 1 to several days after coro- 
cclusion. 5051 The action potentials recorded 


Gi rdial myocardial cells in the center of 


in cats have been prolonged, 


FIGURE 6. Variation in refractoriness in relation 
configuration and superimposed postrepolarizatio 
Solid bars indicate the absolute refractory perla 

the relative refractory period, A in a norm: 
recovery of excitability is minimal in relation t 

mildly affected cell in early ischemia is shown as 

ated action potential with minimal postrep larizath 
ness. C, a mildly depolarized cell in later stages oft 

a relatively normal action potential duration but a 
nounced superimposition of postrepolarization rel 
the Purkinje fiber has a very prolonged action otel 
might be present after 24 hours of ischemia, but 
depolarized and has relatively little postrepolarizali 
ness. E, a markedly depolarized celi with severe 
irregular upstroke shows marked postrepolarization 


hanced at higher rates,?? further augments 
ogeneity of refractoriness. € 
Figure 6 shows various examples of ah 
tion potentials and superimposition of po 
tion refractoriness to illustrate dispersion : 
ness. This heterogeneity, or dispersioi 
ness promotes the formation of stabk 
and unstable ífibrillation) reentrant e 
formation of barriers or holes, slow cor 
directionally selective conduction all ma 
cially on these abnormalities of refr 
great importance of short cycle length 
neous emergence and induction of ven 
arrhythmias in patients attests to the 
abnormal properties of refractoriness. 


Abnormal Automaticity 

"The first studies of ischemically in 
fibers evaluated 1 to several days afte 
sion indicated that enhanced diastoli: 
occurs varying issu levels 





sti ators bave observed delayed after- 
s in Purkinje fibers in the infarct zone 1 
ter coronary occlusion.57-59 These de- 
epolarizations have properties similar to 
d by cardiac glycosides,?7 which suggests 
n cellular calcium loading. Delayed af- 
ations induced by glycosides and other in- 
reflect oscillations of calcium-loaded 
eticulum, which secondarily releases 
repolarization and induces a transient 
arizing) current.9? Presumably, in ische- 
ured Purkinje fibers, this phenomenon re- 
1al calcium loading. These 2 mechanisms 
guished more easily at the termination of 
han during the arrhythmia, (Fig. 7). 
cen suggested that this mechanism, rather 
| automaticity, may be a major basis for 
ias occurring in subacute stages of myo- 
ction in dogs.» LeMarec et al, 59 using vari- 
logic probes, concluded that this mecha- 
ly unimportant in vivo, accounting for 
of the ectopic firing 24 hours after coronary 


depolarizations have been observed in 
ocardial cells on the cut surface of is- 

ary muscles.? It is not certain whether 
| occurs i in vivo or is dependent on the 
ssection of the tissue. 


mapped the sequence of excitation 
mias in acute ischemia in porcine 
d that certain ectopic beats appeared 


rkinje fibers at the edge of the ische- 


absence of detectable antecedent con- 
agation and in the presence of large injury 
Jj — that a mocan an akin to re- 


n jury currents. are intense. Greatly 

potentials in the ischemic zone were 

it current across a narrow inexcita- 

ie border of the ischemic zone in order 

'olarized cells in the normal zone on 

e gap. Because this conclusion de- 

a negative finding, i.e., the lack of a 

n pathway, it would be strengthened 
evidence. 


> evidence gathered so far has con- 
reentry as a prime mechanism for 
ythmias in ischemia and infarc- 
les of abnormal antomatieiiy: 


Delayed after depolarizations 


FIGURE 7. Distinction between abnormal automaticity an 
gered tiring manifested In the: mode of termination. ‘Abnormal 
maticity terminates by a slowing of the diastolic depolarizati 
Delayed. afterdepolarizations terminate with a distinct afterde 
ization that does not fire and is sometimes followed by a lower 
afterdepolarization. 


standing will come as the effects of ischemia on b: 
electrophysiologic processes are explored furth 
as more fundamental studies are made of the ele 
physiologic changes in chronic coronary disease it 
imals and humans. | 
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atment of arrhythmias is often more ex- 
1d = cost-effective in the long run 
acologic therapy. In the past, surgical 
arrhythmias has been reserved for pa- 
oxysmal or incessant tachy- 
medical management, severe 
i ythmia or aborted episodes of 
However, tachyarrhythmias that are 
harmacologic therapy because of 


no npharmacologic forms of antiarrhyth- 


smal or incessant tachycardia refractory 
agement, severe life-threatening ar- 
rted episodes of sudden death. How- 
thmias that are refractory to antiar- 
y because of pharmacologic ineffica- 
compliance or limiting adverse effects 
jn. Furthermore, the definition of “re- 
mias” has expanded, and this clinical 
e expected to reflect the individual 
the physician, as well as the type of 
nd the accessibility of investigational 
ce has also shown that the clinical 
pting for a nonpharmacologic form of 
wer considerably when the facili- 
ierapy becomes readily available. 

o put these treatment strategies in 
rvative management of arrhyth- 
sarily something that each and every 
subjected to before other, nonphar- 
therapy are considered. The latter 
itious and more cost-effective in 

igh accomplished by one-time pe- 
pharmacologic therapy is cura- 

) the uncertainty of medical 

latively nee? risk, E 


drug inefficacy, noncompliance or irning side 
fects are not uncommon. we hag nonpha 
logic treatmei hio ytt 

time period. of ig jhe 

dergoes surgery) 

to the uncertain y and ae ghe r cur 

risk associated with medical management. 
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Background and Rationale of 
Electrophysiologic Surgery 


The basic strategy for all nonpharmacolog 
of antiarrhythmic therapy is centered around 3 bi 
principles: (1) the mechanism of the cardiac 
can be identified; (2) the "site of origin" or 
vulnerable portion of the substrate can be. 
and (3) the site of origin can be ablated by 

The development of sophisticated tect 
recording and stimulating arrhythmias, bas 
pioneering work of Durrer,? Wellens? an 
and their co-workers has made it possible to 
underlying mechanism of most varieties o 
symptomatic arrhythmias in humans. Often, 
edge of the mechanism gives some “dimension’ 
substrate. Thus, a rhythm that results from abi 
automaticity may well reside in 1 or more cells 
require pinpoint accuracy of the ablative metho 
large macroreentrant circuit, on the other hand, 
be amenable to any method that destroys 4 even a 
tion of a reentry loop. — 

The electrophysiologic substrate(s) of inst cai 


arrhythmias cannot be seen or palpated directly; 


ever, their location may be inferred by a var 
mapping. techniques. 4-11 Anatomic abnormalit 


as endocardial scarring often indicate: ani 
— est, although. rprising i 





c abnormalities during sinus rhythm) to tar- 
for ablation. 
ative techniques can be divided into direct and 
t approaches. Direct approaches include divi- 
jessory pathways and removal, interruption 
jn of areas of reentry or abnormal automa- 
ct aproaches attempt to modify the milieu 
strate of the arrhythmia (i.e., revasculariza- 
ympathectomy) or to prevent propagation of 
mia to the adjoining myocardium (i.e., atrial 
r creation of atrioventricular (AV) block in 
supraventricular tachycardia; ventricular 
ation for certain varieties of ventricular 
ja}. 
deal technique for ablation might be charac- 
s follows: (1} It preserves the structural integri- 
» tissue undergoing ablation; (2) it has a minimal 
ton normal structure and function; (3) it creates a 
1ogeneous lesion that is itself nonarrhythmogenic; 
tis capable of being used initially in a reversible 
r; (5) it allows continuous assessment of the ab- 
(6) it can be rapidly used. 
ities to achieve this end that are currently in 
er investigation include excision/incision 
and a variety of procedures using thermal 
ulting from temperature extremes ranging 
cryosurgical freezing) to hot (coagulation, 
n) These temperature extremes may be 
means of lasers, radiofrequency energy, 
s, ultrasound, gas expansion, and localized 
ge of powerful direct-current shocks. The 
ms whereby injury is achieved vary accord- 
energy source, and include cell rupture from 
lar crystallization and change in permeabili- 
irgery]; coagulation (radiofrequency energy, 
iysical vaporization (laser); and membrane 
eto abrupt local fluxes of ions or pressure 
irect-current shock]. 
: most arrhythmias result from inhomoge- 
tructure or function, the common goal of all 
thods is to transform an inhomogeneous ar- 
hmogenic substrate into one that is homogeneous 
thus electrically stable. 
purpose of this report is to review the "state of 
' of currently available methods for the non- 
ologic therapy of arrhythmias and to identify 
eed of further refinement. 


— The . first suc- 


Surgical correction of 


Epicardial mapping (Fig. 
liest ventricular activation 


graphic results were normal once again and rec 
supraventricular tachycardia ceased. It was fo 
that the patient had a single free wall accesso: 
way; if the pathway had been located in the sep 
multiple pathways had been present, the procedure 
would have failed and thus might never have been - 


repeated. Over the ensuing years a variety of modifica- 

tions have been introduced into the procedure origi- 

nally described.'*-°9 a Srt : 
Anatomic aspects of accessory pathways: Anoma- - 

lous fibers, usually made up of ordinary working myo- - 

cardium, which pass from the atrium to the ventricle, - 

may be present anywhere, from a superficial epicardi: 

al location to an endocardial location adjace: the 

anulus fibrosis. The detailed nature of the a 

studies required to adequately define an a 

pathway explains to some extent the paucity of i 

mation about such fibers.9?! Literally hundreds o 

sections are required to locate these fibe hic 

range in width from 0.1 to 7.0 mm (average im).* 

Multiple accessory pathways can be anticipated it 

159; of WPW patients overall, and this incidence in 

creases to over 50% in patients with Ebstein's malfor 

mation of the tricuspid valve.22334043.4 The possibli 

presence of these pathways must be taken in un 

during attempts at ablation. Accessory pat 

neither visible nor palpable, and their locali 

pends entirely on adequate preoperative 

operative epicardial and endocardial acti 

jes.5945-47 Such studies, however, can at bes 

fine the atrial and ventricular insertion sit 

AV groove, and cannot indicate the ex 

which the pathway crosses. At present, a 

docardial-epicardial dissection or ablatioi 

The use of operating loupes at times per 

tion of microscopic strands coursing th 

groove.*4 Furthermore, it is widely held < 

geons who operate on patients with this d 

local structures in the presumed region of t 

ry pathway are often subtly abnormal, ge 

more adherent to each other, with less c 

of anatomic planes more than normall 
Classification of accessory pathwa: 

ry pathway can be located at any site alo 

left AV junction as well as in the.s 

descriptive purposes, it is useful. 

pathways — to their loca 
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FIGURE 1. Mapping of the first successful interruption of an accessory atrioventricular (AV) pathway. Maps are shown during preexcitation 
(Pre-Excit.) (/eft panel), supraventricular tachycardia (S.V.T.) (center panel), and after dissection (Post-op.) of the right AV groove (right 
panel). During preexcitation, the onset of the P wave was considered zero time. Early activation of the base at the lateral right ventricle is 
evident. During tachycardia, ventricular activation is normal, with earliest activity recorded over the midanterior right ventricle. Earliest 
retrograde atrial activity occurs on the lateral right atrium, contiguous with the previously demonstrated point of ventricular preexcitation. 
After surgical dissection of the AV groove, ventricular activation is again normal and essentially identical to that observed during 
tachycardia. 


l, 2a 
| 
- x 
| Li 
\\ 
AVNA — Nw 
Ww 
LV 
Posterior 
Septal Posterior 





Septal 


FIGURE 2. Classification of accessory atrioventricular pathways. Left, accessory pathways viewed from the right side of the heart. Right 
(R.) parietal (freewall) accessory pathways traverse the right atrioventricular (AV) groove in relation to the portion of the tricuspid anulus 
indicated by the dotted line. The location of right anterior (R. Ant.) and posterior septal pathways is indicated. Right, accessory AV 
pathways viewed from the left side of the heart. Left parietal (freewall) accessory AV pathways traverse the left AV groove in relation to the 
portion of the mitral valve (MV) anulus indicated by the dotted lines. No pathways are believed to be situated in the region where the mitral 
anulus is attached to the aortic root. The location of posterior septal pathways is indicated. Ao — aorta; AVN — atrioventricular node; AVNA 
— atrioventricular nodal artery; CS — coronary sinus; AS — atrial septum; FO — foramen ovale; IVC = inferior vena cava; LA = left atrium; 


LCA = left coronary artery; LFT = left fibrous trigone; LV = left ventricle; RA = right atrium; RV = right ventricle; TV = tricuspid valve. 
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all, 46%: at septal, 26%: right AES 
and anterior septal, 10%. This distribution did 
ffer between medically and surgically treated 


ermediate septal accessory pathways (para- 
pathways) Proposal of a new subgroup: As 
rreviously, septal pathways have traditionally 
subdivided into anterior septal and posterior sep- 
hways, based on electrocardiographic and elec- 
'siologic criteria that appear to have a good cor- 
on. with intraoperative findings. Review of 
is surgical cases, however, revealed a subset of 
“accessory pathways with discordant electrocar- 
iphic and electrophysiologic features. For de- 
ptive purposes, these will be referred to as inter- 
ite septal accessory pathways. 
terior septal pathways generally manifest ini- 
positive forces of preexcitation (initial forces of 
delta wave) in leads I, IL, aVL, and positive/iso- 
ic forces in III, aVF and Vj. The earliest area of 
grade atrial activation is typically found in the 
terior portion of the interatrial septum or in the an- 
nedial right atrium. Intraoperative mapping has 
own that the earliest ventricular activation occurs at 
> base of the anterior right ventricle at a point any- 
iere from the midanterior wall to the infundibulum. 
'osterior septal pathways generally manifest posi- 
e initial forces of preexcitation in leads I and aVL 
negative forces in leads II, III and aVF. The initial 
es are usually isoelectric in V; but an abrupt transi- 
ion is seen with almost exclusive positivity observed 
». During reciprocating tachycardia, earliest retro- 
ide atrial activation is typically demonstrated just 
de the orifice of the coronary sinus. Intraoperative- 
entricular preexcitation is usually demonstrated at 
e posterior base of the heart in the region of the crux. 
eview of a large number of patients who under- 
ent both electrophysiologic study and intraoperative 
yping revealed a subset in whom the pathway ap- 
red to be right anterior septal according to electro- 
ographic criteria; there were positive initial 
rces in I, II, and aVL, isoelectric forces in III and 
nd isoelectric/positive forces in Vi. However, 
earliest retrograde atrial activation during recipro- 
' tachycardia among this group of patients was 
od. from the orifice of the coronary sinus (or 


ithe atrial sepa in 


: ptu These p: 
* higher risk of airgical failure and heart 


al, cryothermal mapping demonstrated th 
the His bundle to 0°C caused simultan 
conduction in both the accessory pathway 
node. Taken together, these observations sug 
subset of accessory pathways exist, which. 
contiguously with the His bundle and wh 
perly termed para-Hisian. We have design 
pathways as intermediate septal pathways 
tion of this subset may allow one to ex 
patients at higher risk for failure, or inducti 
block or a combination, in the course of s 
spective results suggest that detailed endoca 
ping of the summit of the septum permi 
interruption of a pathway just posterior to: 
dle in such cases, without impairment of nor 
duction; in other cases, 2 accessory pathw: 
anterior, the other just posterior to the Hi 
have been found to account for the perplexi 
physiologic findings. 


Surgical Techniques to Interrupt 
Accessory Pathways 


Interruption of accessory pathways cont 
quire cannulation for cardiopulmonary b 
open-heart surgery] in most instances. Two 
thought have emerged regarding interrupti 
cal pathways, which have resulted in a som 
fusing terminology: The endocardial (or op 
approach of Sealy et al!^ advocates open atri 
dissection of the accessory pathway from: 
there is an attendant need for aortic cros 
and cardioplegia. The epicardial (or closed 
proach of Guiraudon?? does not require ct 
ing and minimizes cardiopulmonary bypi 
ing to epicardial dissection and external 
Regardless of the approach used, the AV 
be disarticulated or ablated so as to interr 
sory pathway that passes from the endoca 
cardium at any level while avoiding injur 
nary sinus, valvular structures, and i 
septal pathways, injury to the AV nod 

Endocardial approach (open-hear 
surgical approach to almost all accesson 
gins with median sternotomy, followec 
of the atrial and ventricular insertions 
pathway by epicardial and intracardia 
dissection itself is usually performed 
tion of hypothermia, aortic cross-clat 
plegia. Operating 2.5 power loupes : al 
dissection. The venae cavae are t 
ing their pericardial attachment 
bility of the heart. | 

Left freewall accessory 
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sulcus fat. This incision extends for 3 cm to each side of 
the known location of the pathway, which is marked 
by a small epicardial suture placed during epicardial 
mapping. The fat pad itself is not entered in order to 
avoid injury to the coronary sinus and circumflex ves- 
sels. The ventricular epicardium is meticulously ex- 
posed for a distance of 1 to 1.5 cm. As an optional 
measure, the atrial margin may be undermined to fa- 
cilitate closure of the incision (Fig. 3). 

Right freewall pathways are approached by a right 
atriotomy. The inferior vena cava is cannulated from 
below to allow better exposure of the tricuspid valve. 
After ensuring that the atrial septum is completely in- 
tact, endocardial mapping is performed while the 
heart is still warm and beating. The incision and dis- 
section are performed in much the same way as for left 
freewall pathways, except that an epicardial incision 
is also used, allowing complete separation of atrium 
from ventricle. This difference is introduced on the 
right side because hemostasis is easier to achieve in 
this location and because the anulus is not as well 
defined on the right, making thorough dissection 
imperative. 

Right anterior septal pathways are situated adja- 
cent to the 1- to 1.5-cm segment of the tricuspid anulus 
anterior to the atrial extension of the membranous sep- 
tum (i.e., just anterior to the recorded His bundle de- 
flection). A right atriotomy is performed and endocar- 
dial mapping is performed, with particular emphasis 
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FIGURE 3. Schematic representation of a completed surgical dis- 
section of the left atrioventricular groove for interruption of a left 
_ ventricular accessory pathway. An incision has been made just 
above the mitral anulus, with the atrioventricular fat pad under- 


.. mined on the ventricular and atrial side. Undermining of the atrial 


side is optional. Abbreviations as in Figure 2. 
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on relating the site of preexcitation to the recorded His — 
bundle. The dissection exposes the aorta and its junc- - 
tion with the tricuspid anulus. An epicardial incision is 
also frequently used, and exposure continued to the 
anterior aspect of the right fibrous trigone. 

The greatest modification of surgical technique re- 
cently developed relates to the approach to the posteri- 
or septal accessory pathways. This space has been lik- 
ened to a toppled pyramid (Fig. 4). The right fibrous 
trigone is its apex. The epicardium of the crux of the 
heart and part of the coronary sinus make up the base. 
The 3 lateral faces of the pyramid are formed by the . 
right atrial wall, coronary sinus orifice and left atrial 
wall. The floor of the pyramid consists of the posterior 
superior process of the left ventricle and the summit of © 
the muscular ventricular septum. It has been empha- 
sized that the junction of the atria in the region of the 
crux occurs far to the left of the interventricular sep- 
tum; in addition, the right atrium overlays the left. This 
complex relation accounts for the difficulty inherent in 
mapping this area either from the epicardium or the 
endocardium.!? 

Access to the endocardial incision through a right 
atriotomy (Fig. 5 and 6) is again facilitated by cannula- 
tion of the inferior vena cava from the femoral vein. 
Principles of dissection in this area include (1) meticu- 
lous cleaning of the tricuspid anulus from all underly- 
ing ventricular septal myocardium, from the right fi- 
brous trigone and from the right freewall; (2) thorough ~ 
dissection of the apex of the pyramidal space to skele- 
tonize but not violate the right trigone and avoid com- 
plete heart block; (3) identification and dissection of 
the mitral anulus from the right fibrous trigone to the 
left freewall; and (4) complete separation of the coro- 
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FIGURE 4. Anatomy of the posterior pyramidal space. A diagram- - 
matic presentation of the posterior pyramidal space is shown. The 
space resembles a toppled pyramid with the walls comprised of the _ 
structures shown. PSP = posterior superior process; RFT = right — 
fibrous trigone; SVC = superior vena cava; other abbreviations as _ 
before. - : 
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FIGURE 5. Endocardial incision for interruption of posterior septal 
accessory pathways. The right atrium (RA) has been opened, ex- 
posing the fossa ovalis (FO), coronary sinus (CS), right fibrous 
trigone (RFT) and tricuspid valve (TV). An incision has been made 
above the tricuspid anulus extending from the right fibrous trigone to 
the right freewall as shown by the dashed line. (Reproduced with 
permission from Sealy WC and Mikat EM.) 


nary sinus from the underlying muscular ventricular 
septum out to the left freewall.?? An external incision 
facilitates complete exposure of the pyramidal space. 

Epicardial (closed-heart) approach—Guiraudon: 
Guiraudon?9-? recently proposed an epicardial ap- 
proach for ablation of accessory AV pathways that 
does not require cold cardioplegic cardiac arrest. In- 
stead, ablation is performed on a beating heart, with or 
without accompanying normothermic cardiopulmo- 
nary bypass. The epicardial approach involves dissec- 
tion and mobilization of the AV fat pad to expose the 
anulus, which is followed by cryoablation. This ap- 
proach has been applied to right and left freewell loca- 
tions as well as to the posterior septal space. Ablation 
of anterior septal pathways continues to require an 
open-heart approach in most cases. The epicardial ap- 
proach has several potential advantages, including the 
ability to monitor preexcitation during dissection and 
the ability to avoid cardioplegia and aortic cross- 
clamping. Furthermore, the absence of atriotomies 
may account for the absence of new-onset postopera- 
tive atrial fibrillation in Guiraudon's series, although 
the long-term follow-up is still limited. 

Comparison of the 2 techniques indicates that with 
experience and determination, a definitive ablation of 
AV pathways can probably be achieved with either 
method in most locations. Three particular anatomic 
locations, however, invite special comment: (1) As was 
observed in Guiraudon's series,?9-?? the right anterior 
septal area generally requires open atriotomy to ade- 
quately complete the dissection. (2) "Intermediate" 
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FIGURE 6. Deeper dissection of the pyramidal space. The fat has 
been dissected from the edges of the muscular ventricular septum 
(MVS) and from the posterior superior process of the left ventricle 
which cannot be seen. This exposes the anuli of the left atrium (LA) 
and the right atrium (RA). The RA is shown superiorly on the left 
exposing the undersurface of the coronary sinus (CS). The atrioven- 
tricular nodal artery (AVNA) here enters the muscular septum pos- 
terior to the right fibrous trigone (RFT). (Reproduced with permis- 
sion from Sealy WC and Mikatem EM.'") 


septal pathways clearly require an open endocardial 
approach.*®49 (3) Left freewall pathways that are ante- 
riorly located on the mitral anulus adjacent to the left 
fibrous trigone can be approached only with difficulty 
from the epicardial aspect. Exposure in this area is 
extremely difficult because of the proximity of the left 
main coronary artery and the aorta, and cryoablation 
is obviously not without its hazards. I am aware of 4 
cases at other institutions in which an epicardial ap- 
proach to this rare pathway location failed. However, 
a subsequent endocardial approach was successful in 
those 3 cases in which it was finally attempted. These 
results emphasize the need to adequately define the 
point of atrial insertion during preoperative and in- 
traoperative studies? by “bracketing” the apparent 
early site of atrial activation during retrograde conduc- 
tion over the accessory pathway with clearly defined 
areas of adjacent later activation. Even this precaution 
is not foolproof; in rare cases, we have observed a 
second accessory pathway anterior (distal) to the 
bracketed area that was not detected preoperatively 
because of limitations of coronary sinus mapping. 
Other surgical approaches to Wolff-Parkinson- 
White syndrome: Bockeria et al?7 recently reported a 
new open-chest procedure for surgical treatment of 
WPW syndrome that avoids aortic cross-clamping and 
cardioplegia. In this procedure, the chest is opened 
and epicardial mapping is performed, after which car- 
diopulmonary bypass is used to empty the heart. Spe- 
cially fabricated electrodes that conform to specific 
regions of the AV groove are used to apply external 
epicardial shocks of 200 J, resulting in lesions approxi- 
mately 12 mm? in diameter. No dissection of the AV 
groove is performed. Bockeria reported successful 
treatment with this approach in 18 patients with 
freewall accessory pathways, although he emphasized 
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AP accessory pathway; AS = anteroseptal; LFW = left freewall; PS = posteroseptal; RFW = right freewall. 
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sented an initial communication dealing with 
est group of patients observed for the longest 
of time after the endocardial approach (357 pa- 
followed for 2 months to 18 years; mean follow- 
years). He reported a marked improvement in 
y of life among these patients and rarely ob- 

d patients with new-onset atrial fibrillation. 
sed on current results, we recommend surgical 
ent for patients with WPW syndrome who have 
ent symptomatic attacks that are not controlled 
onventional drug therapy and for those with rapid 
ction over an accessory pathway ſi. e, shortest 
cited RR intervals <250 ms) that is not signifi- 
' slowed by drugs. We also strongly recommend 
ery for young patients who would otherwise be 
ig a lifetime of drug therapy, especially once it is 
blished that the accessory pathway has a freewall 


ical Treatment of Supraventricular 
cardia Unrelated to Preexcitation 
the absence of an accessory pathway of conduc- 
urgical therapy for supraventricular tachycardia 
consist of direct ablations of an atrial source of 
hythmia, exclusion of an atrial focus from propa- 
m of the atria and the AV junction, or indirect 
apy such as ablation or modification of the AV 
de-His bundle.® 
Treatment of ectopic foci: On occasion, discrete 
ial or junctional foci can be localized and directly 


“ized reentry. However, ‘such cause: 


only 5 to 10% of patients referred for 
refractory supraventricular tachycardia. 
ly, the atrial rhythms are often unstable and c 
sustain intraoperatively. When automati 
cannot be induced, intraoperative mapping is 
ed if the spontaneous rhythm is not present 
neously terminates. : 
Atrial isolation procedures: If the exact k 
an atrial dysrhythmia cannot be surgically ap 
or localized, it may be possible to preven 
the arrhythmia from propagating to the rest of 
if its general location is known. Thus, all 
atrium can be isolated or excluded as an a 
inducing complete heart block.395359 Wil 
reported surgical isolation of the freewall 
atrium in the dog. Briefly, an extensive atri 
mitted all connections of the freewall of th 
be disarticulated. Hemodynamic studie: 
show that loss of synchronous left atrial 
had any deleterious effect on left ventricul 
afterload or cardiac output in these norr 
hearts. This procedure was subsequently pe 
a 39-year-old woman with supraventricula 
dia that was unresponsive to medical t 
Catheter electrode studies identified an au 
cus in the left atrial freewall. Intraopere 
tachycardia spontaneously terminated. Lef 
lation was performed, which resulted in 
isolation of the entire freewall of the left at 
out impairment of conduction in the A 
bundle. A postoperative catheter electrod 
onstrated persistent tachycardia in the lef 
dissociation of left atrial activity from the 
and ventricles (Fig. 8). Conduction in the A 
bundle remained intact. A significant ob: 
volved atrial fibrillation, which could no 
with rapid pacing of either atrium. This sug 
the critical mass of tissue necessary to s 
fibrillation was no longer present. The pati 
mained free of tachyarrhythmias for 55 mor 
out any antiarrhythmic therapy. : 
Partial isolation of the left atrium has 


dia that arose at the junction of the right sup 
monary vein and the left atrium.» i 
Procedures deemed investigational at 
being developed for treatment of atrial flut 
tion. Klein et al® described 2 patients w 
atrial flutter in whom a large intraatrial re 
could be demonstrated. In 1 patient, cry 
the orifice of the coronary sinus and surro 
wall abolished flutter. In the other, there 
new atrial fibrillation in the late postop« 
Guiraudon et al! recently proposes 
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d the left atrium (LA). Analysis of the 

BE tracings indicate that sinus rhythm is 

nduction through the AV node—His 

h ycardia is present in the left atrial 

has been surgically excluded and thus 

agate to the rest of the heart. Evidence 

ated left atrial activity can be seen on the 

trocardiograms as P. waves dissociated 
complexes. 


phystologic pacemaker and normal AV con- 
m and prevents atrial fibrillation by re- 
tical atrial mass. The operation is carried 
ges. First, the left atrium is isolated. Then 
de and AV node are irisulated by isolating 
tissue consisting of a cuff of right atrium 
sinus node, a strip of atrial septum, and 
containing the AV node. Five patients 
essfully undergone this corridor opera- 
Ontario (personal communication, 
A comparable procedure was recent- 
Harada et al.97 
n of the. atrioventricular node: Until 
only additional indirect mode of surgical 
ents with refractory supraventricular 
is induction of complete heart block. 
as. accomplished by means of cauter- 
igation or dissection of the AV junc- 
More recently, direct cryosurgery of the 
bundle during cardiopulmonary bypass 
$859 Catheter ablation of the AV node- 
largely supplanted this latter proce- 
i ies permanent pacemaker implan- 


pts to ablate the AV node-His bundle 
n techniques as well as by open surgi- 
erapeutic modification of the AV 
' occasionally may occur without 
tion of AV conduction.?!7? Until re- 
not appear possible to achieve in a 
er. A number of studies have now 
ich cryosurgery” 79 or laser tech- 
sed to modify conduction in the 
ollow- up data of these interven- 
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while preserving AV conduction. To date, 47 pa 1 
have undergone this procedure; the overall cun 
96%. Similarly, Guiraudon et al?? developed | 
nique to "skeletonize" the AV node, resulting in 
tion of tachycardia in 6 patients, while preservit 
mal conduction (personal communication] — 
Other varieties of supraventricular tachycarc 
variety of other types of supraventricular tachyca 
have proved amenable to surgical treatment. P 
with the “permanent form of junctional reciproc 
tachycardia” have been successfully treated by r 
of a surgical approach that is comparable to that 
for posterior septal pathways (discussed previou 
In addition, there have been several reports of 
cessful surgical treatment of reentry using a nod« 
tricular (- fascicular] M Mahaim fiber.778981 . 


Surgical Treatment of Ventricular Tachycardi 


Surgical approaches to the management of 
threatening ventricular arrhythmias have che 
dramatically over the past 5 years. We have m 
from a highly empirical approach to one that is ele 
physiologically guided. New techniques for intr 
diac recording and pacing have given us greater 
sight into the mechanism and location of s 
dysrhythmia as well as providing an objective 
sure for determining the therapeutic efficacy of ant 
rhythmic drugs. | 

Recurrent sustained ventricular tachycard 
occur in association with a variety of cardiac di 
It also occurs occasionally in patients with n 
hearts. Ventricular tachycardia may be due to 
mal automaticity or to reentry. In most patie 
recurring symptomatic. ventricular tachy ar 





. Atypical ventricular tachycardia in the 
of organic heart disease. Top, the surface 
ardiogram shows right bundle branch 
orphologic configuration with left-axis de- 

jottom, intraoperative electrograms re- 
during laser surgery. The tracings from 
)wn include surface electrocardiographic 
il, bipolar tracing trom the right ventricle, 

polar and unipolar recordings of a probe 
jositioned over the posterior inferior in- 
ricular septum. Note the sharp bipolar elec- 
n that precedes the onset of the surface 
ardiogram. The extremely sharp nature of 
flection was in marked contrast to all neigh- 
electrograms, suggesting the possible pres- 
specialized tissue or an abnormal Purkinje 
in this region. LV = left ventricular. 
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ion out: In general, the best results can be obtained 
a variety of ablative techniques when patients 
nducible arrhythmia associated with an arrhyth- 
enic substrate due to organic heart disease.9? Fur- 
discussion of the surgical treatment of ventricular 
ardia is usefully divided into tachycardia with 
hout associated ischemic heart disease.?? 
rgical treatment of ventricular tachycardia un- 
led to ischemic heart disease: Idiopathic ventricu- 
ichycardia has been recorded in patients without 
rganic heart disease." This clearly is a diagnosis of 
usion since ventricular tachycardia may be the 
expression of a primary myocardial disease. 
ongenital abnormalities of the conduction system 
e the basis of some of these so-called "idiopath- 
ses, 15214 Criteria for diagnosing such etiologies 
ily now being investigated. Surgical results to 
however, have been disappointing, especially if 
‘hythmia is not inducible. One variety of ventric- 
ycardia that may fit into this category is that 
described? as a highly atypical ventricular 


guration on 


the conduction system; and (6) typically lor 
history of ventricular tachycardia. Such a p 
cently underwent an operation at the Sai 
(Fig. 9). Intraoperatively, we recorded an 
sharp deflection that appeared to originate 
cialized fiber in the posterior inferior sep! 
(Fig. 9, bottom). Photocoagulation of this ar 
Nd:YAG laser immediately resulted in sinu 
and the patient has remained free of tachyca 
out medication for 20 months. | 
Fontaine and other investigators9.85.86-95 , 
a form of cardiomyopathy localized to the rig 
cle, which they termed, arrhythmogenic ri 
ular dysplasia. Pathologic changes associat: 
condition include replacement of the right 
myocardium by fat and fibrous tissue and 
of hypertrophy, with a resultant thinning a 
mal bulging of areas in the right ventricl 
with this disorder have a recurrent vent 
cardia with a morphologic appearance o 
branch block. Results of physical exar 
trocardiograms during sinus rhythm, 
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0. Recordings from a patient with arrhythmogenic right ventricu- OE ee aes M sd 
jJlasia. Left, 12-lead electrocardiogram demonstrating ventricular A [23 | : 
Right-axis deviation is present and the precordial leads sug- E : NUT 
n the right ventricle. Surface P-wave activity is dissociated. LV-BASE ————— | e À— ENG 4 
operative. intracavitary recordings in the same patient. Tracings 
wn include surface electrocardiographic leads | to Ill, V4, Vs, 
Icings | from the right ventricular (RV) apex, RV-inflow tract, APER 
Ill, inferior wall and outflow tract of the right ventricle, region of | 
ndle, base of the left ventricle (LV), anterior wall of the left Je db se cd NUN 
nd left ventricular apex. This is a composite tracing created by HUTA AU HE d —J— 
len of the individual recordings. Note that the earliest activity is 
the anterior wall of the right ventricle | 
he onset of the surface QRS com- . VT-CL 350ms 
aoperative epicardial map of the 
The heart is shown schematically 
cut along the posterior descending 
sochrones have been drawn be- 
activation times. at 10-ms intervals. 
est activity is recorded on the anteri- 
ght ventricle near the outflow tract 
30 ms before the onset of the sur- 
lex was recorded. 
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ed the right ventricle; thus, arrhythmo- death and a 25% recurrence of ventricular tachyca 
e E disease may be a more encom- postoperatively. He subsequently extended this 
use. - cept to include complete disarticulation of the 
ventricular freewall for patients with extensi 
ease of the right ventricle. An example is 
Figure 10. The patient presented with recu 
tricular tachycardia, which \ was localized 
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FIGURE 11. Right ventricular disconnection procedure. A trans- 
mural right ventriculotomy is placed parallel to and 5 mm from the 
interventricular septum, extending from just across the pulmonic 
valve anulus anteriorly to the tricuspid valve posteriorly. A second 
transmural incision is placed from the posterior pulmonic valve 
anulus to the anterior medial tricuspid valve anulus, exposing the 
underlying aortic root. The papillary muscle attached to the anterior 
leaflet of the tricuspid valve is divided at its base and reimplanted 
on the lower ventricular septum. Cryolesions are placed at each 
end of the anteroposterior ventriculotomy and at each end of the 
ventriculotomy between the posterior pulmonic valve anulus and 
the anterior medial tricuspid valve. 


of an extensive right ventricular cardiomyopathy. Dr. 
James Cox disarticulated the freewall of the right ven- 
tricle, as shown in Figure 11.549294 Postoperatively, the 
right ventricle continued to exhibit periods of ventric- 
ular tachycardia (Fig. 12), ventricular fibrillation and 
asystole, while the left ventricle remained in sinus 
rhythm. In 2 patients personally observed, striking 
right ventricular dilatation appeared to be a conse- 


. quence of this procedure; however, both remain free 


of ventricular dysrhythmia and appear to have normal 
exercise tolerance. 

Some patients with ventricular tachycardia unre- 
lated to ischemic heart disease may present with 
tachycardia arising from a uniform focus that can be 
localized by endocardial and epicardial mapping. In 
such cases, cryosurgery?9-99 in either the right or left 
ventricle has been successful in ablating the focus. 

Ventricular tachycardia related to ischemic heart 
disease: A recent review?* described 171 patients who 
had undergone 1 of 4 different types of indirect surgi- 
cal procedures for the treatment of recurrent ven- 


tricular arrhythmias associated with coronary artery 


disease. eii procedures included a thoracic sympa- 
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thectomy, coronary artery bypass graftir g ——— of 
myocardial tissue, and a combination of these proce- 
dures. The overall operative mortality was 27%, the 
failure rate 17% and the overall success rate 56%. 
Given these unsatisfactory results, it is not surprising to 
find a renewed interest in more direct surgical proce- 
dures for the treatment of refractory ventricular tachy- 
cardia. Experimental studies have emphasized the 
role of the endocardium in the genesis of arrhythmias 
associated with ischemic heart disease. More impor- 
tant, the role of the border zone between normal myo- 
cardium and areas of ventricular aneurysm has been 
stressed. 

In 1978, Guiraudon et al9? described the procedure 
of encircling endocardial ventriculotomy. This was the 
first direct endocardial procedure specifically de- 
signed for the treatment of ventricular tachycardia as- 
sociated with ischemic heart disease (Fig. 13, left). 
An endocardial incision was placed adjacent to the 
boundary between endocardial fibrosis (associated 
with a ventricular aneurysm) and normal myocardi- 
um. The incision was transmural, and in its initial de- 
scription spared only a thin epicardial bridge of myo- — 
cardium and the coronary vessels. Over the septum, - 
the incision was approximately 1 cm deep. In his initial 
description, Guiraudon proposed that the purpose of 
the operation was to functionally isolate the encircled 
area, and thus prevent impulse propagation to the re- 
mainder of the myocardium. Subsequent experimen- 
tal studies have suggested that decreased blood flow to 
the encircled area results in ischemia.!9? Unfortunate- 
ly, this incision, as originally described, tends to com- 
promise adjacent functioning myocardium and, at 
times, has resulted in low cardiac output states. Encir- 
cling endocardial ventriculotomy does not require op- 
erative mapping, because the incision is directed at 
anatomic landmarks. Several investigators have modi- - 
fied the technique and now perform a more limited. 4 
endocardial incision around the periphery of the area 
of endocardial fibrosis. 

The first mapping-directed procedure for refracto- 
ry ventricular tachycardia related to ischemic heart 
disease was localized endocardial resection. As re- 
ported by Harken et al!?! and Josephson et al!?? this 
procedure requires epicardial and endocardial map- 
ping in a normothermic heart to identify the appropri- 
ate area to resect (Fig. 13, middle). The area of earliest 
endocardial activation during tachycardia (preferably 
a mid-diastolic event) is identified, and the endocardi- 
um in the border zone between the fibrosis and normal 
myocardium at the site is then removed. 

Subsequent to the description of this procedure, 
scattered reports have appeared concerning the use of 
cryothermal mapping and ablation for the treatment of 
tachycardia (Fig. 13, right). Endocardial mapping is 
usually used, but Guiraudon has performed “encir- 
cling endocardial cryoablation" without mapping.!9? 
Cryosurgery offers an advantage in the management 
of arrhythmias arising from the papillary muscles or 
from regions near the aortic or mitral anuli. | 

Moran et al'* proposed an extension of the endo- | 
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al of all visible subendocardial scar, including tis- 
sue over the papillary muscle. Using this approach, 
excellent control of ventricular tachyarrhythmia has 
been achieved in more than 40 patients. However, 7 of 
these have required subsequent mitral valve replace- 
ment.194 

The results of the direct procedures discussed thus 
far were recently reviewed** and are tabulated in 
Table IV. Compared with the overall results of indirect 
procedures, these procedures demonstrated a higher 
success rate, with the endocardial resection procedure 
having the lowest mortality. 

A variety of innovative procedures aimed at im- 
proving results have been reported!94-!?? and retro- 













FIGURE 12. Postoperative tracings recorded after sur- 
gical disarticulation of the freewall of the right ventri- 
cle (RV) (same patient as Figure 10). Bipolar electro- 
grams from the right ventricle and left ventricle (LV) 
are shown with surface electrocardiographic leads 
(lead 1 is inverted). Note that the right ventricle is in 
tachycardia but these impulses do not propagate to 
the left ventricle. The dissociated activity of the right 
ventricle mimics the appearance of P waves on the 
surface tracing. 
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spective studies have tried to identify causes of failure. 
In a review of 100 patients undergoing map-guided 
subendocardial resection, Miller et al!!* found that 
certain factors were associated with higher failure 
rates. These factors included inferior infarction, lack 
of discrete left ventricular aneurysm, disparate sites of 
ventricular tachycardia origin greater than 5 cm apart, 
and the presence of multiple distinct morphologic con- 
figurations of spontaneous ventricular tachycardia. 
Krafchek et al!99 encountered areas supporting ven- 
tricular tachycardia distant from visible endocardial 
scar and in some cases found it necessary to cryoablate 
the right side of the ventricular septum. In cases in 
which mapping is not possible because the tachycardia 


FIGURE 13. Surgical management of ventricular tachycardia related to ischemic heart disease. Panels A-C show a diagrammatic cross 
section of the left ventricle with an anterior left ventricular aneurysm that has been resected, leaving a 1 cm. cuff of fibrous tissue. Left, en- 
circling endocardial ventriculotomy, placed adjacent to the boundary between endocardial fibrosis associated with the left ventricular 
aneurysm and normal myocardium. It is a transmural incision sparing only a thin bridge of myocardium, epicardium and the coronary 
vessels. Middle, localized endocardial resection procedure. Removal of fibrosis results in ablation of the entire border zone. Right, 
 endocardial cryoablation. A intramural plunge needle containing multiple recording electrodes has been placed from the epicardium to the 
endocardium. A cryoprobe is placed on the endocardial surface. The depth of the cryolesion is controlled by monitoring of intramural - 
electrograms recorded from electrode contacts along the needle shaft. (Reproduced with permission from Cox JL^^). 
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. cannot be induced intraoperatively, extensive ablation 

procedures are performed.19410611213 Papillary mus- 
cle resection with mitral valve replacement has been 
suggested for patients with papillary muscle involve- 
ment that is usually associated with inferior or infero- 
- lateral infarcts.104109.111 Hargrove et al!” showed that 
- complementing standard endocardial resection with 
cryoablation of the anular isthmus (the ventricular 
muscle between the base of the inferior ventriculot- 
omy and the mitral valve anulus) improves results in 
patients with inferior infarcts. Septal origin of ventric- 
ular tachycardia has been treated by septal isolation!” 
and also using a biventricular approach.!!? Mesnildrey 
et al!!4 described a procedure involving laser photoco- 
agulation to perform an encircling ablation without 
mapping. Ostermeyer et al!!9 advocated use of a “par- 
tial” encircling endocardial ventriculotomy, encircling 
only those areas responsible for the ventricular tachy- 
cardia based on mapping. Recently, Saksena et al!!? 
reported using the argon laser to vaporize endocardi- 
um as a substitute for endocardial resection. 


TABLE IV Results of Direct Surgical Procedures for Refractory 
Ischemic Ventricular Tachycardia 


Operative 
Mortality Failure Success 
Procedures Pts (96) (96) (96) 
EEV 47 17 0 83 
ERP 76 9 1 89 
EERP 37 11 0 89 
Total 160 12 1 87 


EEV = encircling endocardial ventriculotomy; ERP = endocardial resection 
procedure; EERP = extended endocardial resection procedure. 
Modified from Cox, JL.*4 





Finally, many groups of investigators advocate the 
implantation of an automatic implantable cardioverter 
defibrillator in high-risk patients.!?! 

Nd:YAG photocoagulation of ventricular tachy- 
cardia: We have investigated the use of photocoagula- 
tion achieved by Nd:YAG laser beam. We chose to 
evaluate this beam because of its ability to produce 
"volume" coagulation, in contrast with other laser 
sources such as carbon dioxide and argon, which have 
a higher surface absorption, resulting in a more super- 
ficial action and vaporization.!19122123 Nd: Y AG photo- 
coagulation also offers several other distinct advan- 
tages: (1) It is applied to normothermic myocardium 
and thereby allows on-line assessment of the effect of 
ablation and induction of other morphologic patterns 
of tachycardia that might be present. (2) Pathologically, 
the border zone of the lesion created is sharply demar- 
cated and is not arrhythmogenic (Fig. 14). (3) The lesion 
created is fibrotic and homogeneous and the structural 
integrity of the tissue irradiated is preserved. (4) The 
method is rapid, although compared with the time re- 
quired for mapping, this is not a compelling aspect. (5) 
Access to difficult areas is facilitated by a small flexi- 
ble fiberoptic. 

Under normothermic cardiopulmonary bypass, 
epicardial and endocardial mapping is performed 
during induced ventricular tachycardia, after an ap- 
propriate ventriculotomy has been created. The area is 
photocoagulated with the Nd:YAG laser beam (1.06 
um), coupled to a 600-4 gas-cooled fiber with 10° beam 
divergence. Power output is 30 to 50 W, with a spot size 
of 0.5 cm; in some cases a specially modified 20? beam 
divergence fiber has been used that has a power out- 
put of 80 W, and spot size of 0.8 to 1.0 cm. Surface 
cooling is used when necessary to enhance penetra- 


FIGURE 14. Histologic sections 
obtained from the canine heart 1 
week after laser irradiation (right 
side) and cryoablation (/eft side) 
of canine epicardium. In both sec- 
tions, a clear cut border zone is 
present between the ablated area 
and normal myocardium. The la- 
ser lesion was created by a 10- 
sec exposure to Nd:YAG at 30 W; 
the cryolesion was produced by 
freezing at —60°C for 2 minutes. 
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y 1, 4985, ‘to PX 1, 1987, this procedure 
ed on 27 patients at the Sanger Clinic with 
stant. ventricular tachycardia secondary to 
tery disease. All operations were per- 
ler an approved protocol from the Food and 
istration. Patients ranged in age from 40 to 
ean 56.4). The range of time by which myo- 
arction preceded surgery by 1 week to 15 
2.5 years). Infarct location was anterior in 

, inferior in 6, posterolateral in 1, anterior 
ior in 2, anterior and posterolateral in 1, and 
d posterolateral in 1. One patient had no 
ifarct but had incessant ventricular tachy- 
ly 4 patients had discrete (anterior) left ven- 
urysms. Preoperative ejection fractions 
m-109» to 45% (mean 25%). Ventricular 
a was inüdcible] in all patients preoperative- 
ween 1 and 5 morphologic configurations 
Te identified in each patient. Intraopera- 
ion produced 71 forms of ventricular 
n. 22: patients (range 1 to 6, mean 3.2). 
was not inducible in 5 patients, all of 
rior infarcts. In these patients, ablation 
preoperative mapping, visible fibrosis 
tive sinus rhythm mapping. In 2 pa- 
‘dia persisted after photocoagulation, 

n was used to achieve a deeper lesion. 
concomitant coronary artery bypass 
'erformed. Intraaortic balloon assist was 


| patients. 
onts (7. 4%) who died perioperatively from 
output, one did not survive bypass because 
problems unrelated to the use of the laser. 
died 10 days postoperatively because of low 
jut without recurrence of arrhythmia. He 
: mitral regurgitation, no discrete aneu- 
ejection fraction of 15%. His operation 
en as an emergency because of incessant 
ichycardia and fibrillation necessitating 
scitation. One patient also died 35 days 

0 bowel infarction. This patient had 

gery as an emergency for incessant 

id a preoperative ejection fraction of 

ge aneurysm. The bowel infarct was 

be related to low cardiac output after 


j patients have undergone restudy at 6 
when applicable, at 1 year. All have 
spontaneous arrhythmia for a fol- 
6.7 months. Complete surgical care 
obtained in 24 of 25 patients (96%). 
th incessant tachycardia preopera- 
nediately after surgery. There 


in ejection ection post- E 


: Mpi 
duiing: mapping: ( 


frequently have limited céidigvascilür] reser ' 
underlying disease is progressive; (6) there i: 

ly a need for other interventions such as revasc 
tion; and (7) our understanding of the undei 
strate is far from complete. Despite these pr 
results obtained thus far have been increasingl 
fying. Further refinements in mapping meth: 
well as ablative methods can be expected to im 
these results even further. 

Exercise-induced or angina-related venit 
tachycardia: Overall results obtained with empi 
vascularization in patients with ventricular tac 
dia related to ischemic heart disease have bee 
appointing. However, patients in whom ventr 
tachycardia develops only during episodes of a 
or physical exertion and who have not previous. 
myocardial infarction will probably benefit fro 
vascularization alone, if a significant stenosis c 
relieved by a revascularization procedure. Co 
cently identified 45 such patients in a collecti: 
view. Among these 45, there was an operative mo! 
ty of 4%. During a follow-up period ranging fron 
months to 5 years after surgery (mean 27 months), 4t 
the remaining 43 patients have remained free of tach 
cardia. Three patients died from myocardial infart 
at 18, 30 and 63 months, postoperatively. 


Cardiac Transplantation for 
Intractable Arrhythmia 

Cardiac transplantation has been jeponédit in 
series as a last resort for patients with refractory, 
threatening arrhythmias, but has been limited to t 
with poor ventricular function, precluding other 
rective procedures. 


Future Directions 


One can only speculate about the future of abl 1 
techniques for the treatment of cardiac arrhythi 
Most of the interventions described in this re 
have been elaborated in the last 10 years. The 
term effects of these operations on hemodyn 
function, structural integrity and electrophysio 
stability of the heart remain to be defined. Witl 
exception of certain correctable substrates such as 
preexcitation syndromes, ablative procedures ca 
be expected to alter the natural history of cardiom 
athies or ischemic heart disease. New techniques 
mapping and new energy sources for ablation w 
forthcoming in the next decade. With further ur 
standing of the underlying mechanisms of arr 
mias, more enlightened techniques of direct su 
will likely become available. : 

IS review ' did not d ud with catheter ele 





EST le success rate for cathe era blation of ectopic 
rial foci, posterior septal accessory pathways, and 
monomorphic forms of ventricular tachycardia i is ap- 
ximately 75%, but the complication rate is not in- 
gnificant. These latter applications continue to be 
rgely investigational and have been well summa- 
zed in a recent symposium. 1!*4 
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strical Devices for Treatment of Arrhythmi 


h as th — — M spice stimula- - 
y y period, are — in- 


ssal ntly. Hemod | ni 
ods that oe in a nar- 


Le velocity. refractoriness 
operties and dimensions of the reen- 
‘remaining myocardium. Elucidat- 


ing these relations has permitted inferences in 
mechanisms by which pacing terminates ora 
ates tachycardias. A vast number of pacing 
have evolved for use in tachycardia terminatic 
None of these appear to be foolproof. Ther: 
spread and justified concern about the risk 
eration of tachycardia when antitachyca 
is used in the ventricle. Experience indicates 
only a few patients are suitable for termin 
ventricular tachycardia by pacing, but these ca 
ly selected patients may do well. Both the res 
and the potential for widespread use may be be 
with pacing for termination of supraventricular 
tachycardia. Life-threatening tachycardias or fi 
tion can be terminated by direct-current cou 
| igh many technical problems 

implantable cardioverter-defibrillators, poss 
bined with antitachycardia pacemakers, will. 
increasing role in the management or seriou: 
arrhythmias. 

(Am J — 1988; 61: :ASA 
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SS ae tha: automatic implantable cardio- 
lator (AICD) in preventing sudden death 
mia has refocused attention on the role 
s in arrhythmia management. Be- 
tions of conventional pacemakers 
hycardia pacers have grown in- 

ted. Nevertheless, use of these 

ed limited. One reason for this lack 

se may be patients’ hesitation to un- 
implantation because of their image 

a pacemaker as one who is elderly 

e, because patients with supraven- 

ia (SVT) often require concomitant 
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drugs, the physician may be inclined to exhaust 
macologic options before recommending an ant 


cardia pacemaker, Other approaches, such as n 


gical ablation, also constitute competition for « 
SVT pacers. The use of pacemakers for termina 
ventricular tachycardia (VT) has been hampere 
the potential for fatal acceleration. 

If successful, pacing is a much more co 
method of terminating. tachycardia than is a 
from an AICD. It is therefore apparent to most o 
ers that combination therapy involving antita 
dia pacing and countershock is needed. The d 
ment of devices combining these features is 
way. 

This review of the current state of electrical 
used in arrhythmia management is broad in 
covering pacing to prevent tachycardias, hemo 
ic improvement during ME dud tachyei rd: 


P mination nf. tac 





acing for Prevention of Tachycardias 
support'-* In patients with profound brady- 
achycardia may develop as an escape rhythm. 
cemaker provides treatment for both bradycardia 
tachycardia in such patients. 
Overdrive suppression5-!*: Pacing at rates slightly 
her than the spontaneous rhythm may reduce the 
mber of premature beats leading to tachycardia. 
verall results are variable, and pacers should not be 
iplanted unless temporary pacing has demonstrated 
stained efficacy.!9 Atrial^9112 or dual-chamber!*7 
icing may be more effective in the prevention of VT 
an ventricular overdrive pacing. 
Automatic overdrive and extrastimulation!*-?: In 
ponse to sensed extrasystoles, the pacing rate in- 
ases to a preprogrammed limit or until extrasystoles 
)pear.!?2? The pacer rate then declines gradually 
until extrasystoles recur. Short, slow pacing "bursts" or 
trastimuli have been used in a similar fashion.” 
-Homogenization of refractoriness**: Pacing is 
often effective in preventing tachycardias related to 
g QT-interval syndromes, particularly torsade de 
oir tes. 11.23.24 
thibition’s: Subsequent depolarizations may be 
ected by stimuli delivered during the refractory pe- 
od. If such stimuli could be delivered to a tachycardia 
ircuit, inhibition of tachycardia might follow. These 
ossibilities are presently under investigation. 
fultisite stimulation?5?*: Some instances of atrio- 
ricular (AV) nodal reentry SVT can be prevented 
stimulation of the atrium and ventricle simulta- 
ously or with only a short delay.?97* Both limbs of 
sircuit are kept continuously refractory, abolishing 
echo/reentry zone. Similar strategies may apply to 
vention of other types of tachycardias.” 
Biosensors: Rate-responsive antibradycardia pac- 
ay be activated by changes in factors such as QT 
rval, pH level, temperature, impedance, respira- 


ite, activity level, oxygen saturation and myocar- 


Similar sensors may also be of use in 


atrioventricular (j 
caused by rapid pacin 
the aberrant QRS kk 
rowed during 2:1 AV b 
Fig. 2). Supraventricul 
cardia remained after- 
of pacing. CL = cycle | 
= blood pressure; ECG : 
cardiogram. E 


of SVT, often atrial fibrillation (AF). In these si 
pacers capable of producing a competitive ri 
the atrium (e.g., the DVI mode) should not be 
subjects with sick sinus syndrome or frequen 
premature contractions, noncompetitive atri 
may reduce the incidence of both SVTs and 
quent VTs. | 
Pacing for Hemodynamic Improvement During 
Continuing Tachycardia??-3? = 
Continuous rapid pacing: In patients wit 
rapid atrial pacing can produce AV block, lead 
slower, better tolerated ventricular response 
We have treated 1 patient?” with valvular he 
whose rhythm varied between SVT with 1: 
duction and AF with a well-controlled ventr 
sponse. Sinus rhythm had been absent for ma 
A pacer was implanted in this patient to pre 
pacing for conversion of SVT to AF. : 
Coupled pacing?*: When coupled pacit 
to tachycardia, each depolarization of th 
is followed by an extrastimulus just after 
period. This results in electrical depolar 
inadequate mechanical response that. 
tion, resulting in prolongation of the e 
time. Even if there is "resetting" of th 
circuit by the extrastimulus, the effect 
response rate will be decreased. This t: 
ful only for short periods of time and is 
ed by some patients, especially thos 
ventricular function or ischemia. In 
peated extrastimuli may eventually p 
tion or fibrillation. = 
AVT pacing?*: During VT, espe 
rates, atrial stimuli can be inserted 
cycle and timed to maximize atri 
some patients, an increase of 15 to 20 
achieved, helping to tide over the 
"stuck" in VT for such transient reaso 





Hemodynamic im- 
uring supraventricu- 
fla (SVT) during ab- 
rrant conduction 
narrow QRS) with- 
! in supraventricular 
la cycle length (CL). 
lons as in Figure 1. ECG 


nematic depiction of hemodynamic improvement due 
f the QRS in a patient with ventricular tachycardia 
' (left), blood pressure (BP) Is low. Pacing at a single 
cular site (1V) at a shorter cycle length than the VT lowers BP 
However, double-site pacing (2V) produces a narrower 

nd a higher BP. ECG = electrocardiogram. 


7 episodes of VT by means of simulta- 
more than 1 site in the same or oppo- 
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FIGURE 4. Relationships between the tachycardia circuit, the sit 
the programmed extrastimulus (PES), and the intervening 
dium. See text for details. ERP = effective refractory period; 
relative refractory period. (Reproduced with permission from 

et al.4°) 


ing myocardium are outlined schematically i in F 

4. In this and related illustrations, the circuit is 
trated as a circle, with an arrowhead representi 
advancing wavefront and the heavy line represe [ 
the duration of the refractory period of the circuit. 
cycle length is represented by vertical dashed line 
this illustration, the refractory period of the circui 
for three-fourths of the circumference of the c 
The arrowhead is shown just as it reaches the I 
representing the myocardium at the onset of depol 
ization of the myocardium outside of the circuit. " 
halfway through the cycle length of the tachyca 
the arrowhead will be halfway around the circle. 
cal variations in refractoriness and conduction ar 
sumed to exist within the circuit but are omitted 
In the top panel of Figure 4, the PES (upward-po 
arrowhead) is delivered late in the cycle. Befc 


: wavefront can travel back to the circuit, 


agi 
HE 





IGURE 5. Termination of reentrant tachycardia by a single pro- 
mmed extrastimulus. See text for details. T = termination. (Re- 
duced with permission from Fisher et al.*°) 


URE 6. Multiple extrastimuli and rapid pacing. See text for 
— T = termination. (Modified with permission from Fisher et 


nsequent slowing of conduction. Because the stimu- 
d wavefront reaches the circuit during its refracto- 
period, the tachycardia will persist. 
'ermination of reentrant tachycardia by a single 
ogrammed extrastimulus: The dashed vertical lines 
Figure 5 represent the basic tachycardia cycle 
h of 400 ms. The refractory period of the circuit is 
ms (heavy line following the arrowhead and occu- 
ig three-fourths of the circle}; the ERP of the myo- 
Pads patween the circuit t and PES site is 200 ms. 


| to enter the circi iit. In the re 


sion with the wavefront in the circuit wo 
both; anterograde propagation would 
"reset" the timing i in the circuit, with the n. 


=~ dia beat appearing with less than a coi 


pause. Finally, i in panel E, the wavefront s 
the PES arrives in the circuit at a point at wh 
grade conduction through the circuit is pr 
refractoriness and retrograde conduction 
curs, with extinction of the tachycardia w 
this and related illustrations, relations b 
and the circuit expected to result in teri 
designed by a T in the middle of the cir 

Tachycardia termination zone: In so 
there is a "zone" or "window" rather t 
point within the tachycardia cycle length d 
an extrastimulus will terminate the arrhyt 
zone may be explained in several ways and 
illustrated and detailed elsewhere.385-*! — 

Effect of variation in refractory periods 
ability to terminate tachycardia: When sho 
ry periods exist in the circuit, extrastimul 
throughout the diastole cause resetting w 
nation of tachycardia. Such a large exciti 
often present when entrainment can be ide 
ing rapid pacing; this will be outlined in a la 
A long refractory period in the circuit resul 
nation by a late extrastimulus. Terminatio 
extrastimulus is theoretically possible; ho 
cal studies have shown such a situation to 
nonexistent.42 With rare exceptions, tet 
possible with single-capture techniq 
achieved by an extrastimulus immediate 
the ERP at the site of stimulation? Th 
zone, when present, extends from the. E 
the cycle. 


in panel A of Figure 6, the first extrast 
ered immediately after the ERP, fails 
tachycardia circuit before the next 
emerged. However, it “peels back" ther 
od of the intervening myocardium, so 
stimulus, just beyond the ERP of the f 
circuit dass timed to achieve term 
tice, more than 2 extrastimuli may be 
el B, a burst of rapid pacing is deliver 
extrastimulus technique, the refractoi 
tervening myocardium is gradually f 
stimulated wavefronts can reach the 
third stimulus results in terminatio 
essentially irrelevant. It is also poss 
tra" stimulus could reinduce the t 
Entrainment*?-*?: Rapid paci 
dia may be attended by a chara 
events, With AS pacing at 





2 tachycardia has been: terminat- : 


Ww ing 4 criteria have been suggested for 
T during the period of entrainment 
pparent increase in the tachycardia rate to 


ite; (2) constant fusion at any given pacing * 


ogressive fusion with increasing pacing 
4) prompt return to the baseline tachycardia 
sation of pacing. Because the pacemaker 
nters the tachycardia circuit, the wave- 
ble to continue after cessation of pacing. Ter- 
achycardia will finally occur when the 
e length is shorter than the anterograde 
eriod of the circuit. 
ion of tachycardia: The following factors 
unt for acceleration: (1) Within the diseased 
1a multiplicity of potential circuits may be 
the changes in refractoriness that accom- 
pacing. (2) Because of refractoriness in the 
myocardium, 2:1 exit block may exist. 
ig may then shorten the myocardial ERP, 
:1 entry of the tachycardia, with an appar- 
of the tachycardia rate. (3) A short ERP in 
dia circuit can allow introduction of 2 
Because the competing wavefront may 
he RRP of the other, conduction within 
lay be slower, so the accelerated tachycar- 
s than a multiple of the baseline tachy- 
ut necessarily changing the morphology. 
short circuit” within the basic circuit 
sked, resulting in a faster tachycardia, 
pope tap a multiple of the baseline 


Al ntitachycardia Pacing 

ears, techniques of antitachycardia pac- 
olved from simple competitive underdrive 
mplex patterns of stimuli. A brief survery 
riques, condensed from the original pub- 
ferenced and from a more narrowly fo- 
49 follows. Most of the techniques are 
both temporary and long-term pacing. 
$ plantable devices capable of specific 

pacing patterns are also described. 
Slow asynchronous or underdrive 
luring tachycardia can be achieved 
| pacemakers.!? More sophisticated 
ual demand” units that pace if the 
below or above prescribed limited, 
vn demand" units, which become ac- 
g tachycardia.9^5! The fixed cycle 
uccessive stimuli, competing with 
| will gradually scan the tachycardia 
ie tachycardia is exactly a multi- 
nderdriving stimuli. This ap- 
en: ives and & carries : a relative- 


Burst +PES o> 


Multiple PES 


FIGURE 7. Basic stimulation patterns for tachycaidiai term 
this and figures 8 and 9, spontaneous atrial or ventricula 
izations are represented by “V”-like deflections from the 
and pacer stimull by vertical lines. Small. arrowheads at tt 
the pacer stimulation lines represent the direction of che 
timing of successive stimull. Tachycardia depolarizations 
ted after termination has occurred or when they might. ob 
stimulation pattern. See text and reference 49 for an expiar 
each technique. PES = programmed estrastimulus. (Rep 
with permission from Fisher et ai, 4?! 


Programmed extrastimuli or scanning methc 
The timing of successive stimuli is altered in an or 
fashion (Fig. 7) within the tachycardia cycle and re 
sents a major increase in efficiency when comp 
with the underdrive approach. Some devices, s 
the Telectronics PASAR® 4151, will "remembe 
timing to the extrastimulus that resulted i ] 
ination. 

Ultrarapid train stimulation*?-5*: When t ta 
dias are susceptible to single-capture terminatii 
termination zone almost always begins immec 
after the effective refractory period.?? Thus, a t 
ultrarapid stimuli (cycle length 10 to 20 ms, equi 
to 3,000 to 6,000 beats/min) that begins during 
fractory period but only lasts long enough to c 
single capture should result in termination on the 
attempt (Fig. 7). Intermedics Intertach? is an. exa 
of a device with this capability. A 

Multiple programmed extrastimuli (Fig. 
Two or more extrastimuli can be programmed 
such devices, which include the Telectronics P A 
4151 and 4171 and several others. 

Burst pacing: Multiple stimuli are deluded 
fixed cycle length shorter (i.e., faster) than that o 
tachycardia (Fig. 7). Keeping both the number a 
rate of stimuli as low as possible minimizes the ri 
acceleration. This risk is greater with burst pacing 
with single-capture methods, even in patient 
slow well-tolerated tachycardias.9?? Example: 
vices capable of burst pacing are Medtronic 


| diofrequency Re) and Intermedics Cyber : 
other models h ntly been i 





Scan. Burst * Ramp (t 4; msec, X) 


bay yt ttt 


IGURE 8. Additional automatic stimulation patterns available in 
Jlantable antitachycardia pacers. Conventions as for Figure 7. 
» text and reference 40 for details. CL = cycle length. (Repro- 
uced with permission from Fisher et al.‘ 


Ramp pacing?:$?: The rapid pacing rate is continu- 
sly altered from faster to slower (tune down) as 
wn in Figure 7, or from slower to faster (tune up]. 
nping from faster to slower rates may be less likely 

sult in acceleration than straight burst pacing. Ex- 
iples of devices with ramp pacing capabilities are 
rdis Orthocor II? and Intermedics Intertach®. 

Changing ramps?':: With changing ramp pacing, the 

e of the ramp changes from slower to faster to slow- 
r, as shown in Figure 7, or from faster to slower to 
aster. The graduali increase to a rapid rate followed by 

| decrease in pacing rate may be less "jolting" than 
'ery rapid bursts. 

Adaptive bursts?!: The burst cycle length is a per- 
entage of the tachycardia cycle length. The adaptive 
ursts method therefore provides changing burst rates 
9.compensate for changes i in tachycardias. As shown 
n Figure 8, a change i in the tachycardia cycle length 

uses an increase in the burst rate, but it remains a 

d percentage of the tachycardia cycle length. An 
ample of a device capable of adaptive burst pacing 
termedics Intertach®. - 

‘Shifting burst: In a shifting burst pacemaker, such 
is Teletronics PASAR 4171, the burst rate is fixed, but 
he timing of the first stimulus is progressively de- 

'ased (Fig. 8). 

Scanning burst (concertina/ accordion): As with 

shifting burst, the timing of the first stimulus de- 
ses with successive attempts, but in this case the 


e length of successive bursts also decreases (Fig. 8). 


Peletronics PASAR 4141 and Intermedics Inter- 
acers are among those capable of scanning burst 
anning | ing: This is a ramp 
ch the timing of the first beat changes during 
ssive termination attempts (Fig. 8). In some pac- 
rate of the ramp can be increased or decreased, 
changes determined in milliseconds or as a 

he tachycardia 


percentage of tachycardia 

ther a single or multiple extrastim 
These in turn can be programmed. indep 
increase or decrease on successive attemp 
pability is seen with Siemens Tachylog® 
medics Intertach. 

Adaptive pacing with changes in the n 
stimuli$^$3: Some investigators? believe ! 
adaptive pacing approaches a "universal" an 
cardia stimulation mode. As shown in Figi 
first extrastimulus is delivered at a selected p 
of the tachycardia cycle length. If the arrhyt 
sists, a second extrastimulus is delivered a 
smaller percentage of the cycle length. If ne 
third extrastimulus at a still smaller percen 
cycle length is delivered. If the tachycardia 
successive stimuli will be introduced with 
decreases; the Medtronic SPO500 Interacti 
System? has this capability. 

Exotic pacing techniques": Subthreshold: pa 
among the more unusual methods that may b 
tive in some instances of SVT or VT. 2 

Conventional pacers: Many pacers dier | 
keted for the treatment of bradycardias also h 
nificant antitachycardia capability.99- Some 
can be used for programmed stimulation or 
ing using special programmers. Other pac 
models have specific modes, such as DDT, 


when combined with the option of short pacem 


refractory periods, allow for noninvasive progi 
stimulation and antitachycardia pacing. 67. 

Successful antitachycardia pacing may net 
concurrent administration of antiarrhythmic 
Because doses may be smaller, these age: 
likely to cause adverse effects when used : 
rather than as primary therapy.9*7! : 

Detection algorithms: For manually ac! 
tems, the patient remains responsible fe 
detection of arrhythmias. Some patients, ! 
come overconfident in their abilities and 
therapy inappropriately.?! Transtelephon 
can confirm whether patient symptoms. are 
tachycardia. j 

A multitude of automatic 


Dp. or rarer forms of VT. Ove id 
endocardial signal amplitude, slew 1 
frequency content or sequence.?*77- 
density function??96 detects fib: 
regular tachycardia. Diagnostic re 
ape are — ya for limi 


cycle — (adaptive). 
ility include Cordis. s 





ippropriate candidates for long-term anti- 
pacing with implantable devices. A pace- 

ay provide long-term therapy, with low-risk 
and minimal need for patient compliance. 
ns and their side effects can often be re- 
eliminated altogether. However, others 
gue that it is easier to change a drug than a 
er (debatable in view of the highly program- 
Vices presently available) and that pharma- 
prevention is always superior to electrical 


al candidates i in our institution are placed on 
ntiarrhythmic drugs, if any, likely to be used 
rm therapy. At least 100 episodes of tachy- 
induced, and the results of attempts to ter- 
hese episodes are evaluated.?^97 Pacemaker 
tion in patients with VT poses serious consid- 
ecause acceleration can prove fatal in pa- 
"T. criteria for pacemaker implantation are 
gent. Patients generally are not considered 
for an implantable device until exhaustive 
ave been conducted.?! Even then, other 
3s, such as surgery, ablation and certainly an 
defibrillator, are considered. Currently, 
/T causing syncope or those who have 
ode accelerated would be considered for 
ic antitachycardia pacer only in the pres- 
kup defibrillator. Patients with well-tol- 
ardias are considered for manually acti- 
nd told that these devices should be used 
presence of medical backup capable of 
em in the event of acceleration. 


for supraventricular Tachycardia: 


d but honéxhaüstive survey spanning 3 de- 
ed 26 reports on SVT in 270 patients (Table 
dies provided data on the number of pre- 

nt trials of the selected antitachycardia 
"he follow-up periods, when stated, 

0 177 months (average about 12 to 15]. 
drugs were used concomitantly in 0 to 

s in various series. Most investigators 
itiarrhythmic agents in 20 to 50% of 

id they expressed satisfaction with an- 
pacing and rated results as excellent or 
ore considered poor in 10 patients 

tage of each investigator's SVT pa- 
lantitachycardia pacers was rarely 

37 79/; of patients referred for SVT 
titachycardia pacers. These de- 

hg efficacy rate of 93% at 1 year 


: ? before disel arge | wand ollow-uj — 8 
with : science in seu — g p x 


time averaged about 12 to 15 months and, v 
ranged from 2 to 92 months. Most of these Y 

also received antiarrhythmic drugs. Results w 
erally considered to be good to excellent. Poor 
were reported in 8 patients (3.9%). VT patient 
higher overall mortality rate related to both si 
death and other causes. Pacemakers, however, 
rarely implicated directly as a cause of death 
need for a backup defibrillator was widely perc 
in the more recent publications. Only 3.5% of 
series of patients studied for VT received a pac 
VT termination.?7 Actuarial efficacy was 78% at 
and 55% at 5 years. 
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FIGURE 9. Further stimulation pattern variations as detail 
text and reference 49. Conventions as for Figures 7 an 
decremental; incr. = incremental; S = stimulus. (Reprod 
permission from Fisher et al.‘9) E 
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dified and expanded with permission from PACE." 


* atrial fibrillation; CHF = congestive heart failure; chr = chronic; CVA = cardiovascular accident; expl = explanted; NS = not sit 
mmed extrastimuti; SVT = supraventricular tachycardia; Surg = surgical; WPW = Wolf-Parkinson-White Syndrome. 


— Cardioversion and Defibrillation 


meral considerations: Experiments leading to 
D? series of implantable defibrillators included 
on transvenous systems, !*! but other ap- 
es appeared to be more reliable. Results of 
animal studies have shown that transvenous 
oversion of VT may be achieved with very low 


evels.!!9 Clinical studies have demonstrated 


chronized low energy (less than 5 Js) transve- 
dioversion of VT is similar to antitachycardia 
terms of both termination and accelera- 
However, transvenous cardioversion is 
inful for the patient and may produce atrial 
on, because the shock is not synchronized to 
y, 118-120 An implantable device (Medtronic 
)een developed that is capable of antibrady- 
cing and limited nde pacing, as 

y of low energ y {2 Js} 


2] J shocks. 121 By early ^ 
ed worldwide . 


Transvenous defibrillation—technic 
A transvenous lead mated with a devi 
deliver shocks between the right ventri 
the superior vena cava or right atrium { 


potential waveform with energies of up | 


not provide highly reliable defibrilla 
waveforms have been proposed, but som 
ly adaptable for technical reasons. Studi 
way to determine whether efficacy can 


- by the use of such other techniques as 


unipolar shocks delivered using the pr 
scribed lead configuration or betweer 
ent sites.'7-17 Because some form 

is required for implantation of ci 
tors,129-13?1 development of a. tran 
would increase the acceptabilit y 
—— d 
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100 


125 EP 
studies 


NS 
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NS 
NS 
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rdia; VF = ventricular fibrillation; VT = ventricular tachycardia. 


à m world; the Soviets!?! are also pursuing devel- 
nt of an AICD/pacer. In the meantime, AICD 
Cos have been implanted together with antitachy- 


élopmental challenges: As previously out- 
arly generations of AICDs have been limited in 
ways, which is not surprising. Implantation of 
ce involves major surgery. The device does not 
nt episodes of VF or VT, nor does it provide 
ardia or antitachycardia pacing. It cannot 


aguish | between ^ | T 


V r and — rapid 
pe " stimu 


nt . comitant Follow-Up 


(mo) Excellent - 


3 


97 96 
Success 
in 9 pts 

1 


Not certain; 
see com- 
ments 

16 


5896 alive 
& use 
device 

8496 
tachy 
term 


7 radiofrequency; spont | = 


instances, chest wall stimulation can 
“trick” the AICD into discharging}. TI 
on defibrillation thresholds rema 
spite these limitations, the AICD re 
cant advance in the prevention of sud 
death. 


Conclusions 


Electrical approaches may Fea om 
SVT from the scheduling 


| BDhroRc ues te to ireatment 





o > sophisticated pacemakers l 


cidence of atrial fibrillation. 
vices will become increasingly promi- 
atment of VT and VF. It will be difficult 
he appeal of units that combine improved 
algorithms, antitachycardia pacing, nonin- 
'ophysiologic testing and backup cardio- 
fibrillation, together with reduced size and 

d ease of implantation. 
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General Discussion | 


Dr. Levy (Marseilles, France}: Dr. Akhtar, what is your 

essment of a patient who has a continuous curve and 

ioventricular (AV) nodal reentry? Is the effective refracto- 
/ curve of the slow pathway too long to be measured? 


Dr. Akhtar (Milwaukee, Wisconsin]: I visualize the AV 
lal refractory periods as a continuum. From one extreme 
he AV node to the other, I do not know how these fibers 
laid down; some of these fibers may have 10 or 20 ms of 
rence in the refractory period, from the longest to the 
lest. If there are marked differences, you can see the so- 

ed dual pathways. If the changes are small, each time you 
ve a 10-ms jump in the AV interval, the impulse is proba- 
ly blocking in some fibers until there is enough dispersion 
etween pathways so that the impulse can turn around. But 
ou can show the dissociation between pathways, whether 
1ey have demonstrable anterograde dual pathways or not. 


Dr. Prystowsky (Durham, North Carolina): Let me pose a 
orollary to that question to Dr. Rosen. Do you think that 
sotropy in the AV node could explain some of the find- 
igs of AV nodal reentry? 
^ Dr. Rosen (New York, New York): Yes. Many conduction 
bnormalities can be explained with anisotropy, and with 
propriate preparations at the cellular level, they can be 
ven. The problem is that if you try to relate this informa- 
on to an arrhythmia in the intact heart, anisotropy is no 
etter than any other explanation for a conduction abnor- 
and reentry. 


azzara (Oklahoma City, Oklahoma): I think that an- 

yy is one means by which you could go around a line of 

lock. One thing we have learned from the leading circle 
1odel and the Alessi work is that if you begin to encroach on 
efractoriness, you can encounter a line of block and go 
und it. It may be that the 2 pathways do not exist unless 
ou are impinging on refractoriness, and that when you do so 
e AV node, you encounter a line of block and go around 
That would be the so-called slow pathway. And that is 
y it has not shown a long refractory period. It always 
zzled me as to why the putative pathway that has slow 


luction has a shorter refractory period, because that dis- 


ites from what we know about AV nodal physiology. 
ally the slowest conducting cells have the longest refrac- 
pied The line of block — would ecu it be- 


Dr. Zipes (Indianapolis, Indiana): Long 
and slow conduction velocity are common] 
Purkinje fiber has long refractoriness and fa: 
compared with ventricular muscle. The sam 
holds for the fast and slow AV nodal pathwa 
accessory pathway and the AV node. I agree 
zara that geometry is very important. Recently, 
I created an isthmus in the right atrium anc 
conduction through that isthmus is very difficu 
with normal atrial muscle and is very easily bloc 
procainamide. The same thing occurs in patients 
Wolff-Parkinson-White syndrome. For example, v W 
fractory periods in the atrium or ventricle may 
ms in response to quinidine, complete block may 
accessory pathway and in the isthmus of our exp 
think the fact that the AV node is geometricall 
very important factor in how it filters, over. 
slow channel properties. If one considers Andy 
vations on what might cause slow propagation 
aged ventricle, cells with normal action potentia 
are separated by collagen matrices from other cells 
arrhythmic agent could preferentially affect 
propagation occurs over narrow bridges. The dr 
ly isolates arrhythmogenic areas from the rest 
um. Therefore, I believe anisotropy may be 
portant than we have thought thus far, 
understanding how antiarrhythmic agents 


Dr. Rosen: Just to play devil's advocate 
the work on anisotropy that I am aware of ha 
models where there is basically a fast-re 
mechanism and in which fibers are uncoup ed 
is possible in tissues that are predominantly 
dependent, such as the AV node, for the sam 
interactions to occur between cells, Or, alterna 
wind up with a stimulus that cannot propag | 
the case, then one might argue that anisot 
important in tissues that normally. hav 
action potentials, and less inportan! t 
slow response. 


Dr. — I would think that a anisotr 


Dr. Lazzara: I share Dr. Zip 
the general statement that refre 
2 are ied is | incorrect ; 





ssue that would have a shorter refractory 


stowsky: Having stirred up that hornet's nest, let 
p further and pose a query to Dr. Gallagher. Do 
hat we are dealing with an extranodal pathway in 


slagher (Charlotte, North Carolina): I think most of 
really support the idea of another pathway, be it 
rintranodal. There is definitely something there 
; like a fiber. It has always been difficult to say 
utside of the node it is or whether it is actually 
But in some cases, just dissecting the perinodal 
tes the entire problem, but in other cases—I 
f some of Dr. Ross's cases from Australia —the 
ot even lose their discontinuous anterograde 
lissected node behaves like nothing is really 
cept that there is no more reentry. 


owsky: Dr. Akhtar, would you comment on this 


htar: I wonder about the expression "perinodal 
nk the AV node may not actually resemble cur- 
ns. I wonder what kind of structure this is? 
ical results, I do not think that we have very 
defining the boundaries of the so-called AV 
at the fibers in the retrograde direction be- 
differently. We have known this for years. 
of conduction i is not unique to patients who 
reentry; i in fact, in my experience, this rapid 
ound in 25% of normal people who have no 
Ve have been able to block some of these path- 
intervals of 20 and 30 ms, with verapamil. I 
y. There may be a little strand of AV nodal 
en some of these connections. Maybe that is 
is, and the rest of the conduction is depen- 
e very fast fibers. But until we can define the 
f the AV node and all its approaches, we 
type of data to say that these are indeed fibers 

n the AV node. 


st: Dr. Bruce Lerman reported a while back 
nts with ventricular tachycardia seemed to 
ine. Dr. Rosen, do you think a pharmaco- 

be an effective way of diagnosing an ar- 


ot think there is any foolproof way right 
: pet ot an du ood is Vcn You 


deerunt whether it: is more Run that th 

gered or automatic. That's fine for the general pop 

is not fine for the individual patient. Now, since yo 

the role of drugs, we have not tested any antiarrhyt 

to date that does not suppress delayed afterdepolar 
You can suppress those afterdepolarizations by a 
mechanisms, either directly, by exerting an effec 
transient inward current, or by using a drug that 
intracellular calcium. You can also do it with a drug 
modifies sodium entry, either through the upstroke 
action potential or during its plateau. We have found: 
doxorubicin, that will modify delayed afterdepola 
and triggered activity and no other mechanism. Atlow¢ 
doxorubicin is very effective in modifying the sodium 
um exchange and will suppress delayed after depolari 
without affecting conduction, repolarization, or refra 
ness. But even though you can find agents like doxo 
that will uniquely suppress delayed afterdepolari: 
you may see no response in the intact heart. When t 
curs, is it because rhythm is not triggered, or is it beca 
drug did not get to the triggered focus? These question 
stop us from continuing research in this area, and I th 
idea of a combination of pacing and pharmacologic p 
and some of the newer techniques for recording local si 
electrical activity in the heart will all be helpful. ^. 


Dr. Woosley (Nashville, Tennessee): I agree w 
Zipes that the importance of anisotropy may invo 
effects of drugs. Dr. John Wikswo, a physicist working 
institution, has looked at the effects of quinidine and. 
tine and has found that their predominant effect on € 
tion is in the longitudinal axis instead of on transver 
duction. This observation may suggest models tha 
allow examination of conditions favoring proarrh 
events, such as reentry tachycardia induced by dru 


Dr. Zipes: I'd like to refer back to the adenosi 
published by Lerman et al. The study demonstrate / 


‘emonstrate that this was a triggered mechanism. D; 
tibn is too complex to prove an electrophysiologic mec 
nism of the VT. For example, if the patient had a slow 
nel-dependent automatic ventricular focus that propag 
to the ventricle to create a ventricular tachycardia, lido 
theoretically would not affect the automatic focus beca 
is slow channel-dependent. However, lidocaine could: 
duce exit block from that focus, stop the ventricular tat 
cardia, and lead to the conclusion that the VT was a: 


channel-dependent ventricular tachycardia. Actually, 1 
caine did not affect the focus, it just prevented propagatio 
The “black box” nature of the heart in this example—wh 
by the way, we showed could happen in vitro-—is a m 
difficulty with using a drug as a pharmacologic probe. 

Dr. Rosen: A study from Dr. Gettes' lab about 10 yea 
evaluated the effects of lidocaine on slow ventricula: 
cardias thats were Be lie ide to he automa 





— and isiliemia "e ——— studies 
ar. In the current studies looking at so-called silent 
iia, rarely has there been any demonstration of ven- 
r tachycardia during ischemia, and some studies have 
n suggested there have been fewer PVCs during the peri- 
f silent ischemia. The only 2 well-documented ischemic 
tions I am familiar with where there are serious ventric- 
arrhythmias are acute MI and Prinzmetal's angina. Is 
probability effect? Do you need such dramatic ische- 
get these arrhythmias? What is your philosophy re- 
ding these sorts of clinical events? 
-Lazzara: I don't really have one. Several discor- 
es in ischemic arrhythmias have always puzzled those 
us who watch patients. One is the idea of an ischemic 
hat is, that these patients all have lesions and they 
latelets forming, etc. If something were found to trig- 
ie arrhythmias in these patients, we could make sense of 
lation. All of us have observed patients in the coronary 
unit as well as patients undergoing electrophysiologic 
dies and they have arrhythmias, and in terms of ischemia, 
ing seems to be going on. They do not have pain and they 
ot have ST-segment shifts initiating the arrhythmias. If 
ook at silent ischemia, you see ST segments fluctuating 
and down, but arrhythmias do not seem to correlate very 
ell. The other discordance is the one you mentioned, that 
rcise is not a great way of generating arrhythmias, al- 
ugh you would think that it would be, because you are 
ucing ischemia. 
One possibility is that there is a trigger, but it has to be that 
hings have to match in such a way that you might have to 
this 400 times, 1,000 times and so that you have sort of a 
ibility density kind of function that every once in a 
things will mesh and hit. It makes it hard for us as 
tists and physicians to make sense of it, because we do 
ork well in that kind of a setting. The trigger concept 
sonly in a low probability sense, because the refractory 
iods have to match, like the amount of vagal and sympa- 
ic tone, so you have to go through perhaps a thousand 
chemia events before 1 of them clicks. 


r. Zipes: One of the things I thought you were going to 


it «to is the intriguing fact that ponent who do have ar- 


——— ae nds a | dexicade | in co 

begins to peak after the anger-provoking situe 
resolved. Thus there is a latency in ischemia de 
that persists after the initial event; this phen: 
well explain postexercise arrhythmias. These 
may also involve the sympathetics, which are a sh 
of the autonomic nervous system in contrast. 
which is so rapid. I think this is an important 


Dr. Prystowsky: Dr. Fisher, you mentioned 
not overly excited by many of the antitachy 
modes, but I'd like to know what you think 
called universal pacemaker mode to termir 
hythmias? Where do you think this is going t 
really going to be the mode of choice? 


Dr. Fisher (Bronx, New York]: This is a con 
Dutch have introduced, Den Dalkin, working wi 
group. What happens is that you give a single e 
at a certain percentage of the tachycardia cycli 
tachycardia persists, you give another extras 
slightly smaller percentage of the tachycardia c 
the tachycardia persists, you give another one at 
percentage of the tachycardia cycle length. And 
Dutch version, the additional stimuli beyond tha 
which are added 1 by 1, are given at the same p 
the tachycardia cycle length as the third; the 
ment after the third stimulus. It is alleged that th 
results in the minimum number of beats requ 
nate the tachycardia, which in turn is correl 
minimum risk of acceleration. These inve. 
Berkowitz have presented some information 
that would work out. I do not have personal e e 
the methodology used. 

We have found in general that we have less 
of the tachycardia if we start fast and then 
more acceleration if we start slow and speed 
the findings of this research are the oppositi 
ence. But I have not subjected it to a comparati 
do not think the information is available yet 
large series of tachycardias have been subje ec 
ly to a variety of techniques. 





Overview of the Clinical Pharmacology of 
Antiarrhythmic Drugs 


MOND L. WOOSLEY, MD, PhD, and CHRISTIAN FUNCK-BRENTANO, MD 


mic drugs have been recognized to pos- caine, tocainide, mexiletine, flecainide, , amioda 


tly u used sed ag * nts E having class | or Il x | 
vith class | actions are local ane thorough ` color 
dey ress the fast inward depolariz- profile of each h drug a administered and a careful | 
ind moby s slow the rate of the * ic " dn ie preser 1 and the p: 


e iv 'elo = j ci lhe dag on ao- | c 
gerania m of agents with class | ac- umun un" Ro n 
, proce inamide, disopyramide, lido- (Am J Cardiol 1988;61:61A- 


| ‘ithe: drugs currently available, effects is beyond the scope of this review; this 7 
siously, can both prolong life and im- provides an overview of the distinguishing chara 
in patients with recurrent sustained istics of the most frequently used class I and clas 
cardia or those resuscitated from sud- agents. . cd 
1 The beneficial effect of these Selecting the appropriate antiarrhythmic drug f 
oups, such as asymptomatic patients, given patient requires careful analysis of a num 
shed and is a matter of intensive factors. Because the level of efficacy among t 
à agents is often similar, efficacy alone does not pr 
e drug | is effective i in all patients, a a useful basis for selection. More often, the side-e 
ythmic drugs are used in clinical profiles of the agents, which are quite differen: 
se agents can cause adverse effects, one another, will influence the choice of drug; t 
i arrhythmias i in certain cases. A profiles may contraindicate the use of certain di 
of the various drugs available, classes in some patients.! Other considerations int 
Pharmacokinetics and adverse the patient's overall medical condition, the speci 
: type of arrhythmia present, and the benefit/ris 
i | associated with the use of a particular drug. Ther 
Pharmacology, Vanderbilt Uni- — the. physician should be thoroughly familiar wi 
Nashville, Tennessee. This study pharmacology and adverse-effect profile of an 
304 from the U.S. Public Health prescribed. Since none of the available agen 
G ant RRO095 — Clinical | formly safe and effective, physicians sho 





3 attempts have best madet to aki antiar- en! e di — 
hmic drugs according to their effects on isolated tive osage of quinidine Masson 
cardial tissues.? The most frequently used system, factors. Although it is usually adminis 
inated by Vaughan Williams,’ classifies antiar- hours, there is wide variation in its cle 
hmic actions, not drugs. This is a subtle but impor- elimination half-life, which is 3 to 19 ho 
ant distinction for the following reasons: (1) Because protein binding also varies widely, rangi ng 
st drugs have multiple actions, the pharmacology of * 95%." Several potentially active metabo 
ach agent is more complex than a simple classifica- — in amounts that vary pagis patien : 
on could indicate. (2) The actions of a given drug vary tionally, quinidine metabolism is inhibited by 


different tissues. (3) Many of these agents have dine * and induced by phenytoin, p henobarb 
armacologically active metabolites whose activity 
nay belong to a class other than that of the parent 
ompound, and have very different, possibly oppos- 
ng, effects. Production of these metabolites is geneti- 
ally determined in some cases and thus varies exten- 
ively within the population. 
Drugs with class I action are local-anesthetic-type 
gents that depress the fast inward depolarizing sodi- 
1 current, and therefore slow the rate of the rise of 
? action potential (phase 0). Subclasses IA, IB and IC 
ther divide this class according to major differences 
iong the drugs. Quinidine, procainamide and diso- 
ramide are agents with class IA action. These drugs 
iot only block the fast sodium channel, but also pro- 
ong both repolarization and the refractory period of 
solated cardiac tissue. In clinical use, they may effect 
neasurable increases in the QRS duration and the QT 
nterval. Drugs with class IB action are only moderate- 
y potent sodium channel inhibitors, and act to shorten 
ction potential duration. Therefore, they exert little 
ffect on the PR, QRS or QT interval. Lidocaine and 
he more recently developed orally active congeners, 
ocainide and mexiletine, belong to this group. Drugs 
with class IC actions—flecainide, encainide, and lor- 
ainide—are newer and more potent sodium channel 
nhibitors that slow conduction velocity with little ef- 
ect on repolarization. Agents with class IC action in- 
rease the PR and QRS intervals. QT is prolonged as 
ell, but only to the degree that QRS prolongation is 
een. ie JTc [JTc = (QT-QRS/ y R-R]] is essentially 


d ~The eE EA drugs with class II action, such 
s propranolol, timolol and metoprolol, are B-adrener- 


he treatment of some supraventricular arrhythmias 
ind tachyarrhythmias secondary to excessive sympa- 
hetic tone, they are not very effective for treating ven- 
ricular arrhythmias, especially severe life-threaten- 
ng ventricular arrhythmias. 
Drugs with primarily class III action, such as amio- 
arone, bretylium and sotalol lengthen repolarization 
refractoriness. 
"The last group, agents with class IV action, such as 
rapamil, diltiazem and nifedipine, are predomi- 
tly calcium channel antagonists. 


rifampin,’ with the latter agents leading t 
subtherapeutic quinidine concentrations. ¢ 
goxin toxicity has been described in 20% ti 
patients receiving quinidine and digoxin coi 
ly. This interaction is dependent on quinidi 
and in some patients may appear only as th 
increased to higher levels. Patients with: 
long QT syndrome or a history of torsade de 
should not be given quinidine because of. 
creased risk of proarrhythmic event. In as ma 
to 10% of patients receiving quinidine, recur 
copal episodes develop within the first days 
ment; in some instances, torsade de pointe 
documented as the cause.? This adverse effec 
appear to be correlated with plasma quinid 
and the mechanism is unknown. Using isol 
kinje fibers, Roden and Hoffman? found: 
dine, under conditions of low extracellul: 
and slow stimulation rate, produced earl 
larizations. This effect mimicked the clinic 
in which they found arrhythmogenesis to be 
with low serum quinidine, hypokalemi 
abrupt heart rate slowing just before the o: 
torsades de pointes.? Other adverse reactiot 
dine include hypotension due to its act 
adrenergic antagonist (especially in pati 
tantly receiving nitrate vasodilators), a hi 
of gastrointestinal symptoms, tinnitus at 
levels, rare thrombocytopenia, and in 1 
conduction block in patients with preexis 
tion system disease.!! Quinidine inhibits t 
chrome P450 specific for debrisoquine me 
thus, it may interfere with the biotrans: 
pharmacologic agents dependent on this 
for their metabolism. | 

The usually effective dosage of quinid 
200 to 400 mg every 6 hours; no adjust 
dosage is needed for patients with rena 
disease.!*4 Patients with rapid eliminat 
to induction of hepatic metabolism, may 
600 mg every 6 hours. If drugs that i1 
metabolism are discontinued, the. need 
of the quinidine dose should be ev 
next few weeks. Quinidine is availa 
in at least 3 forms: quinidine sulfa 
polygalacturonate. Because th 


les ADAE these — (83 





po mies or — 2 y eng pro- 
$100% bioavailable when taken orally, it 
rt limination half-life (2 to 4 hours}; patients 
ıl renal function require administration ev- 
ours. The sustained-release preparations 

g every 6 to 8 hours. 
fulness of measuring plasma levels of pro- 
e is limited because of its genetically deter- 
patic conversion to an active metabolite, 
procainamide {NAPA}. NAPA is itself an 
hmic drug that produces a fairly pure class 
iythmic action. When each is given as the 
he therapeutic ranges are 4 to 8 ug/ml for 
amide and 7 to 15 ug/ml for NAPA.” How- 
patients who are unresponsive to procain- 
yond to NAPA, and vice versa. During oral 
ide therapy both agents are present in vari- 
ts; thus, there is no way to determine the 
nof. NAPA to arrhythmia suppression un- 


doncc of adverse effects associated with 
cainamide therapy limits its usefulness. 
h percentage of patients (407) discontinue 
e first 6 months because of adverse ef- 
percent develop a lupus-like syndrome 
nized, forces discontinuation of treat- 
ing procainamide after the develop- 
arly symptoms of the lupus syndrome is 
ause of the possibility of pleural effu- 
tially lethal pericardial tamponade.!? 

ld be fully informed of the symptoms 
h the lupus syndrome, which are revers- 
tinuation of therapy. Antinuclear anti- 
lop in almost all patients during chronic 
are not in themselves a reason for discon- 
yy. It has recently been recognized that 
therapy is associated with the develop- 
locytosis, and some investigators have 

| the sustained-release form of the drug 
ially capable of inducing this toxicity.” 
de: Deepens! is 3 another drug with 


ea Due to dose-related anit 
ts, patients with obstructive 
2 considered ineligible for 


However, recent studies | 


Free Fraction (a) 


2 4 6 8 10 12 14 16 18 20 26- 
Total Disopyramide Concentration (mg) 
FIGURE 1. Saturable nature of disopyramide's binding to pl 
proteins. As the total disopyramide concentration increas j 
free fraction (a) increases disproportionally. The 2 lines re 
the extremes of values obtained from a population of 12 subje 


as much as 15 hours in cardiac patients.” About hal 
the compound is eliminated by the kidneys; the 
mainder undergoes hepatic N-dealkylation to a po 
tially active metabolite.? Between 20% and 50' 
disopyramide is bound to plasma proteins. Bec 
this binding is saturable, free drug levels may cor 
better with drug action than do total drug levels { 
see also later). Phenytoin, rifampicin and pheno 
bital induce liver metabolism of disopyramide 
increasing its elimination." Adverse effects in 
congestive heart failure and other symptoms res 
from the drug’ s anticholinergic actions (urinary. 
tion, constipation, dry mouth and esophageal ref 
When disopyramide was first marketed, the : 
dence of side effects was very high, probably owi 
3 factors: the use of loading doses, nów known tc 
nificantly decrease myocardial contractility, parti 
larly in patients with reduced left ventricular fun 
dosage recommendations based on pharmacokin 
studies in normal subjects (whereas we now knov 
the handling of the drug in patients is signifi 
different]; and nonlinear binding of disopyram 
plasma protein. For most agents, the percentag 
drug bound to plasma protein remains constan 
the usual range of clinically encountered drug: cor 


tion of binding sites on plasma Diotelns means tha 
fold increase in the total drug concentration in plas 
may lead to a 6-fold increase in free (presumably : 
tive) drug concentration.?? The use of loading dos 
rapid dose escalation is likely to lead to unexpectei 
high free drug concentrations and unwanted actio 
The usually effective dosage for disopyram 
150 mg3 to 4 times daily, and the usual maximal di 
800 mg/day. Therapy should be carefully titrated 
ginning with low doses, and aliowing ampli 
j 


achieving steady state ec 





igs with actions in this class include lidocaine 
he newer orally active drugs tocainide and 
letine. 
Lidocaine: For many years, lidocaine has been 
d intravenously as a highly effective antiarrhyth- 
: drug; however, it has poor systemic bioavailability 
en taken orally because of extensive first-pass me- 
ism.?? The lidocaine analogs tocainide and mexi- 
ne have excellent bioavailability and much slower 
nination than lidocaine. Unlike the drugs with class 
effects, itis very unlikely that tocainide and mexile- 
cause torsade de pointes; thus, they can be used 
ely in patients with a history of this condition or 
g QT syndrome. ?? In general, if a patient responds 
locaine, the chances are good that he or she will 
pond to other agents with class IB action. Unfortu- 


pyb 
can he converted successfully : 


the reappearance of rash. A very se 
with tocainide therapy is the incidence (1 
severe reactions such as pulmonary. 
agranulocytosis. 35 About 90% of tocainid 
is absorbed, and the half-life of elimina 
hours for normal subjects and 11 to 20 he 
tients.?937 Therefore, the time requir 
steady-state equilibrium may be anywhe 
4 days. In patients with normal renal f 
recommended initial oral dosage is 400 
hours. The maximal dose of 600 mg ever 
tolerated by only a few patients. Because 
portion (about 40%) of tocainide is elim: 
kidneys, patients with renal disease or s 


failure will require a lower dosage.*? Plasm 


binding is low, and no active metabolite o 
action has been found to date. 


Mexiletine: Mexiletine, another lidoca 
is structurally similar to tocainide. Like to 
half-life of elimination varies from 8 to 20 
the time to reach steady state is 1 to 3 days. 
mexiletine appears to be less allergenic tha 


ely, the response rate to tocainide or mexiletine 
hen they are used as single agents is only about 10% 
0%, and these agents are poorly tolerated because 
idverse effects. Therefore, tocainide or mexiletine 
ften most effective when used in combination with 


TA action drug, e.g., quinidine.?! Both classes of 
gs block sodium channels, but they exert opposite 
ects on repolarization time.23? 

Tocainide: Depending on the dose, about 30% of 
ice ELE tocainide have intolerable side ef- 


Before 


12 —— 16 24 
Time (n) 


ect of rifampicin treatment o on — —— 


comparative data are not available. Overa; 
are very similar; however, mexiletine is 
tent as tocainide. The most important diff. 
tocainide is eliminated to a large extent by 
whereas mexiletine is extensively metabo 
overlap exists between the therapeutic 1 r 
range of plasma concentrations associa 
verse effects. Several factors influent 
First, as with most drugs having extensive 
olism, clearance varies greatly among 
ond, because mexiletine metabolism can 
agents such as phenobarbital, phenytoi 
cin will increase clearance and reduce 
mexiletine, possibly rendering an othe 
dose ineffective (Fig. 2}.4° Conversely 
with an agent that induces these effects 
effective dose may become toxic. Sur 

for a slowing of mexiletine absorptior 
between mexiletine and cimetidine o 
tine therapy should be initiated using 
hours (given with food] and titrati: 
minimum of 2 to 3 days between 
Dosage should be individualizec 

sponse and tolerance. The daily 

ceed 1,200 mg. 


Class IC 


Flecainide: Flecainide is. 
rhythmic agent. Structurally, the 
of the molecule is similar to tl 


cept that it lacks the aryl amine: 





thmic c effect! 46 The high p per- 


ggravation of arrhythmias seen in early 
lecainide was probably due to exces- 
itial doses and frequent dose changes. To 
idence of adverse effects, if clinically 
inide therapy should start with a low 
should be maintained until steady state 
east 4 days). The plasma concentration 
ermined before increasing the dose to 
g a plasma level greater than 1,000 ng/ 

tk regitüen does not entirely eliminate 


arrhythmia is seen more frequently in 
dod heart disease and a history of 


xcessive dosages. a 
ad side effects of flecainide include si- 


vaymiptomatic badania and sec- 
— atrioventricular block.*? In addi- 


nake r-dependent patients may need 
ah heir pacemaker. Because of its neg- 
ts at dosages necessary to suppress 
— irme a dd de- 


iscc um in 1.4% — of 


sther very potent — with class IC 
tion is encainide. Like flecainide, it 
| e Cardiac Arrhythmta Pilot Study, and 


ENCAINIDE 


ly.) 

Encainide is completely sbssthed after ora 
istration, a process that is slowed, but not rec 
food. In 93% of the U.S. and European popu 
encainide undergoes extensive first-pass hepa! 
tabolism to highly active metabolites.?! (The 
metabolic pathways for encainide are shown in 
3.) The remaining 7% of the population, terme 
metabolizers, accumulate high concentrations 
cainide in plasma (200 to 1,100 ng/ml); such hig 
centrations have been associated with antiarr 
responses.®? Interestingly, because of encainide 
mulation in poor metabolizers and accumul 
active metabolites in extensive metabolizers, t 
of usually effective dosages i is the same for both : 
lations. Lack of awareness of the active metab 
and the use of loading doses and high doses in 
studies (up to 75 to 100 mg 4 times daily) may we 
been responsible for the high frequency of j proar 
mic events associated with encainide during it 
development. | 

In patients with severe renal impairment, e 
nide clearance is reduced and levels of active m 
lites are increased significantly. Consequer 
reduced level of dosage should be used to avoid 
ty.9 Although hepatic disease decreases the r 
conversion to active metabolites, and hence the 
ance of encainide, extensive metabolizers wit 
dysfunction usually need little or no dosage re 
The altered metabolism of these patients make. 
serum profiles appear more like those of poor 
olizers. 

Encainide therapy is. well tolerated: hemoc 
cally. However, because there have been a fev 
of new or worsened congestive heart failure 
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procainamide 


No further 
ooo” e ventricular tachyeardia 


ress aA 456789 11 13 14 
Hours 


nce less than 1%),54 it is recommended taat encai- 
be used cautiously in patients with reduced myo- 
dial function. 
Because of encainide’s potency in slowing conduc- 
1, it is contraindicated in patients with sick sinus 
rome or conduction block (unless a pacemaker is 
nt). The risk of arrhythmia exacerbation during 
inide therapy is increased with the use of doses 
ig marked QRS prolongation (greater than 50%), 
pid increases in dosage, with dosages of greater 
0 mg/day, and in patients with a history of 
tained ventricular tachycardia. Relatively minor 
de effects that are seen fairly often during dose titra- 
include transient dizziness and blurred vision, 
-tend to occur within a few hours after dos- 
56 Adjusting the total dose, or dose interval, or 
ig the medication with food to slow absorption 
ly eliminates these symptoms. Treatment of pa- 
s with normal renal function should begin with 25 
every 8 hours. This dosage may subsequently be 
usted upward to 35 mg, then 50 mg, every 8 hours if 
essary. General treatment guidelines heve suggest- 
he avoidance of rapid dose escalation, with 3- to 5- 
intervals between increases to permit all patients, 
poor and extensive metabolizers, to achieve 
dy-state plasma levels of encainide and its metab- 
Ihe only reported drug interaction is with ci- 
1e (300 mg 4 times daily), which increases the 
‘level of encainide and its metabolites." 


acetylprocainamide: The main metabolite of 
à e, NAPA, hos faltly w pura cas ul action. 


FIGURE 4. Plasm 
darone (O) anc 
desethylamioda 
sured during drug 
daily amiodarone - 
cated at the fop. The 
men rapidly achieved 
amiodarone concent 
tween 1.0 and 1.5 ug’ 
duced arrhythmia st 
DEA = desethylamiod 
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Amiodarone: Amiodarone is a recently 
antiarrhythmic drug that is considered to ha 
actions, although it also noncompetitively 
and 6-adrenergic and muscarinic receptors? 
hibits binding of thyroid hormone to its re 
Amiodarone can be extremely effective, p 
in patients resistant to treatment with oth 
rhythmic agents.® However, because it ca 
and is very difficult to use, amiodarone h 
proved for use only in patients with immed 
threatening malignant arrhythmias that 
resistant to treatment with all other agen 

Amiodarone’s pharmacokinetics are 
able, a feature that may complicate therap 
ally, because it is eliminated very slowly 
has a long duration of action. From 304 
drug is systemically bioavailable, prod: 
bility of a 3-fold range in plasma lev 
tients. The half-life of amiodarone range 
103 days. The drug also has an active met 
ethylamiodarone (DEA), which has a 
pharmacokinetic profile than its pare! 
Recent evidence suggests that DEA is 
the liver as was previously believed, 
by dealkylation of amiodarone in th 
men, which may account for much o 
its bioavailability. Both amiodaror 
highly lipid-soluble and accumula 
muscle tissue.® The pharmacokin 
darone after a single dose is best de 
3-compartment model: the central 
ripheral compartment with v 
— in days, and a deep: CO 





gher levels, and the patiedt may 
reactions long after hospital dis- 
arly, an inadequate maintenance dose 
currence of arrhythmias during follow- 


/s variability in absorption, metabo- 
ribution has led to a wide range of rec- 
loading doses. Selecting the appropriate 
ires careful monitoring to detect the anti- 
c response, after which the dosage should be 
radually to a maintenance level. As the drug 
red it will continue to accumulate, and as it 
the dose should be decreased.9599 A 
dosage may well affect the patient's outcome 
r later. Blood-level monitoring may prove 
ivoiding adverse effects, and it is now 
ta concentration of amiodarone between 1 
nl is probably appropriate. Although the 
e dose is usually 400 mg/day, some pa- 
600 mg, and others, particularly those 
sorption of the drug, can obtain control of 
ith 200 mg/day.” Even though amioda- 
otent drug, arrhythmias do recur, some- 

the complex pharmacokinetics lead to 
0sage. Amiodarone is often used in com- 
other antiarrhythmic agents; however, 

s have not yet been evaluated sys- 


brosis has been recognized in the last 
erious problem associated with amio- 
t,”72 and has been reported in 10% to 
ts receiving amiodarone therapy.® The 
portion of the amiodarone molecule is 
milar to that of nitrofurantoin and other 
at cause lung damage, and is suspected 
' of this complication. Pulmonary fibro- 
her lobular or diffuse, and clinically it 
nistaken for an extension of underlying 
or pneumonia. Because this condition 
d if amiodarone therapy is stopped early 
ays every 3 months are usually rec- 
single measurement of pulmonary 
'ood predictor of pulmonary damage 
usion capacity of the lung changes in 
iving amiodarone.” As more data on 
apy become available, the reported 
onary toxicity is increasing, and in 
nts the condition is lethal. 
fects of amiodarone include hepat- 
6174 The thyroid toxicity may be 
d ne content of the drug: 73% by 


mpairment. 75 Amiodarone also 
ngt to a a blue-gray discol- 
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FIGURE 5. Effect of amiodarone therapy on dose-adju 
flecainide levels measured in 8 patients. Patients for | 

nide therapy alone was not sufficient had amiodarone adc 
treatment regimen. Initial flecainide dosage was usually : 
mg/day, which was decreased to 50 to 6676 of this. leve 

tion of amiodarone therapy. The latter consisted of a 10- t ? 
oral loading period using 400 mg every 8 hours, after which 
amiodarone dose was reduced to 600 mg/day."? 


During 


* 


such as NAPA. A very unpredictable interaction 
warfarin has been reported, making concomitant 
coagulant therapy dangerous."? Increased plasm: 
centrations of digoxin, quinidine, procainat 
NAPA, aprindine, phenytoin and theophylline 
been reported in patients being treated with am 
rone. A recently described interaction with flec 
(Fig. 5) has also been described by Shea et al 
As stated earlier, the risk/benefit ratio and ad 
effects associated with antiarrhythmic drugs ar 
a major factor in the decision of which drug to: 
ister to a particular patient. This is. especially : 
amiodarone, and it is recommended in labe 
be prescribed only by physicians who are full 
tent in the use of all modalities of evaluating a 
ing patients with arrhythmias. This is a novel 
mendation for an antiarrhythmic agent, but e: 
for the appropriate use of this drug. 


Alternative Treatment 


= Often, antiarrhythmic agents are ineffective WwW 
given singly to patients with severe ventricular 
function and malignant arrhythmias. In some of t 
cases, the addition of a second agent has been sh 
to be safe and effective. Combinations of drugs w 
class IA and IB actions, such as mexiletine and q 
dine, appear especially effective.?! Animal and i 
studies have shown these drugs to be synergistic 
simply additive, in slowing conduction and incre: 
refractoriness. Additional studies currently und 
are examining other drug combinations and ev 
ing some very promising investigational agent 
sotalol, propafenone and recainam. 
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Discussion 


(Milwaukee, Wisconsin): Can MODE prolong 
al significantly? 


ley (Nashville, Tennessee): Yes. When given 
ODE prolongs QT, and MODE is a metabolite of 
id ODE. If you are a rapid metabolizer, you 
DE, and subsequently MODE. During encai- 

y people have MODE concentrations of 
3/ml, concentrations capable of prolonging 
"here was a lot of confusion when encai- 

g tested as to whether it changes QT. This 

ied by how much MODE is present. 


l, we have seen at least the ones who had 
rolongation on encainide and had a high 
encainide. 


y: In an extensive metabolizer, that should be 
ven higher concentrations of MODE. 

ew York, New York]; Dr. Woosley, I have a 
e concept of a specific receptor for, say, all 
cal anesthetics. I have no difficulty thinking 

1 channel acting as a sort of receptor, but if I 
ngle receptor locus for all agonists, using the 

n odel, there is a difficulty with respect to 


" le each of these drugs is an antiarrhyth- 
cts are the result of many actions. They 
ints other than that of sodium, and it is 


explain why stereospecific sodium channel blockade is 
with tocainide, while it is not apparent for drugs like « 
dine or encainide, agents in which the asymmetric cart 
located far from the reactive portion of the molecule. 


Dr. Martins*: Along the same line, are stereoisom 
tually able to interfere with each others’ effects on reci 
Is it possible that the S isomer could actually interfe 
the R isomer? | 


Dr. Woosley: I don't know. If this is a receptor-me 
phenomenon, then it should be similar to the cas 
beta-receptor for which there are partial agonists. : 
agents interact with the receptor, yet do not activate a: 
sequence of events. It is possible that glycine xylic 
partial agonist of lidocaine, and furthermore, tha 
structural analogs will be found to possess that action as 


Dr. Epstein*: Dr. Fisher showed an interesting slid 
patient with ventricular tachycardia who, during the v 
ular tachycardia, had low blood pressure when the QR 
wide and a higher blood pressure when the QRS Wi 
rower. You mentioned that encainide, ODE, and 
have different effects on the width of the QRS. Co 
speculate on the mechanism responsible for the ch 
blood pressure as a function of QRS width and on h 
interaction between QRS width and blood pressure 
relate to the variable frequency of proarrhythmia we s 
the different drug classes? 


Dr. Woosley: There are encouraging data that encain 
is not a negative inotrope. I think that most investigato 
would agree with some of the reports from Opie etal indi 
ing that drugs that prolong repolarization are, ‘in fact 
positive inotropes, although it is controversial. For ex: 
MODE prolongs repolarization, and data indicate 
actions. may counteract some negative inotrop | 

7 therapy i is associated with i prolongation: of QRS 
| ! tive inot 


ca not ignore differences that have been 
yeen the. actions of stereoisomers, isomers 
ic structure and the same charge dis- 
inot ignore the fact that enantiomers of 
turally specific actions on potassium 
electively affect repolarization. Cer- 


decina d the molecinle s 
ibilit 





Proarrhythmic Events 


DOUGLAS P. ZIPES, MD 


iT lly « all antiarrhythmic agents can, under certain 
utice and pore atone effects 


een the — a Met and the autonom- 
nervous system or between the autonomic ner- 

system and the heart, or (5) alteration of myo- 
rdial performance and the peripheral vascular 


: therapy involves a consideration of risk- benefit 
. Treatment can be thought of as givirg the patient 
isease, with the disease "prescribed" carrying a 
aller risk than the disease being treated. This is 
cularly true of antiarrhythmic agents because 
impart significant risks, and, for many clinical 
tions, their usefulness has not been established. 
some cases, the prescribed disease may be worse 
in the treated disease. 
ug selection for patients with ventricular tachy- 
mias remains empirical and often appears to 


] more on the side effect profiles of the antiar- - 


agents than on differing degrees of efficacy. 
urrently popular drug classification scheme pro- 
s a useful shorthand for discussing drugs but is 
' helpful in selecting the optimal antiarrhythmic 
or a given patient.! The inability to predict drug 

^ for ventricular tachyarrhythmias extends to 


cranniert Institute of Cardiology, Department of Medi- 
diana University School of Medicine and Veterans Ad- 
n Medical Center, Indianapolis, Indiana. This study 
ed in part WE the Herman C. Krarnert Fund; by 

08 and E — 


system by the antiarrhythmic agent 
lack of uniform reporting of data, guidel 
been suggested to evaluate proarrhyth 
Of 412 patients receiving 1,080 drug tria 
ment of ventricular tachycardia or ver 
lation, proarrhythmic events occurred | 
(896) and 43 drug trials (496). The pre 
event occurred more often during tre. 
tained ventricular tachycardia than for 
brillation or nonsustained ventricular te 
The initial step in treating a proarrhyth 
to discontinue the offending drug. F 
mendations are based on the nature 
lar arrhythmia. (Am J Cardiol 198! 


the prediction of proarrhythmic events : 
clinical judgment guides the selection 
tient remains an individual pharma 
ment. On the other hand, the therapy f. 
ular tachyarrhythmias is not as empiri 
understand the mechanisms for matr 
rhythmias, or at least we know p 
Because the pathways are electrop 
mal for the most part, we can predict dr 
itatively. Quantitative responses are sti 
individual patient, however. In gen 
mic events occur less often in these. 


because they are more likely to haves 


mal hearts, although this is conjectur 


Mechanisms of Drug- Induced Arrh 


The mechanisms of arrhythmias | 
tensively e elsewhere in this symp 
nisms by which an antiarrhythmi 
tachyarrhythmia or elicits a pri 
are not clear, although one can 
events based on present concep 

Mechanisms related to 


arrhythmia caused by € nhanced 


age 





| caine may suppress a véntric- 


aused by a depolarized focus gener- 
hannel-dependent automatic activity by 
block from the automatic focus.? Because 
would not be expected to suppress slow 
pendent activity, the conclusion may be 
tricular tachycardia was unrelated to slow 
ivity. 
roarrhythmic effects of antiarrhythmic agents 
enhance normal or abnormal automaticity 
ate afterdepolarizations, either delayed 
r early (quinidine],*5 which could be trig- 
—— rhythmic activity, producing a 


isms related to reentry: A tachyarrhyth- 
y reentry terminates when the reentering 
ails to propagate over the reentry pathway 
es extinguished. Drugs may cause this re- 
n anatomically determined pathway with 
e gap by creating bidirectional block in the 
hway or by eliminating the unidirectional 
mmonly, drugs may increase the conduc- 
f the reentry wavefront, causing it to 

d impinge on the incompletely recov- 
The increase in the drug-induced re- 
nust exceed the duration of the excit- 

é drug to terminate tachycardia in this 


1ic responses may be different if the 
orm of reentry is responsible for the 
this instance, prolongation of refrac- 
es the rate of the tachycardia, but the 
only if the refractoriness increase oc- 
ugh so that the reentrant circuit does 
o widen and accommodate to it. If a 
ows conduction velocity and produces 
n refractoriness, the tachycardia may 
ugh at a slower rate. This may be the 
which a drug changes nonsustained 
hycardia into sustained ventricular 
id thus may be a reason for some antiar- 
eing arrhythmogenic. For example, 
ventricular tachycardia is caused by 
front that traverses the circuit rapid- 
ally dies out because it encroaches on 
ue, slowing the conduction velocity with- 
longing refractoriness of the reen- 

mits the wavefront to propagate 
owing time for fibers ahead in its path 


— vinis and eae ical 
s * pci deme aoe 


the serum concentration of. 

concentration can increase 

with propranolol, because tł 

blood flow and lidocaine cl 

creases the serum concentratio 

increasing the activity of hepatic enzymes 
olize quinidine. Amiodarone increases the co 
tion of many drugs, including digoxin, warf 
other antiarrhythmic agents.? 

Renal or hepatic disease may alter drug € 
or metabolism. Renal disease can increase tl 
concentrations of procainamide, N-acetylp 
mide, disopyramide, bretylium and quinidine. 
ic disease can increase the serum concentra 
drugs that are primarily metabolized in the liver 
as verapamil, lidocaine and quinidine. 


Idiosyncratic Reactions 

An idiosyncratic reaction to an antiarrhy 
agent may be responsible for the sudden develop 
of a serious ventricular arrhythmia in a patient rec 
ing a normal drug dose and having a normal s 
concentration of the parent drug. The term "idi 
cratic reaction” basically indicates that we do n: 
derstand the mechanism. One can speculate that 
known genetic influences could be responsible foi 
development of an arrhythmogenically active me 
lite of the drug. It is also possible that in such pat 
an electrolyte abnormality, such as hypokalemia : 
develop, which predisposes them to having arrh 
mia while receiving an apparently stable dosing 
men. Adding other drugs may combine to cre 
proarrhythmic event. The development of afte 
tials may be important,’ particularly in some a 
mias such as torsades de pointes. 


Electrolytes 


Potassium and magnesium may modify. the à 4 
of antiarrhythmic agents.!? Hypokalemia, by augm 
ing ip iU AA d as well a 


the s ienai and may A to ttc me 
ventricular oo poet such as torsades Sul p 





p is system may in turn 
cts of antiarrhythmic agents. For example, 
lis may enhance vagal tone, whereas quinidine 
sopyramide may decrease it. Beta-adrenergic- 
ptor blocking agents obviously oppose 8-stimulat- 
actions. Drugs that exert local anesthetic effects 
ay alter transmission of autonomic impulses to the 
art. 
Important direct interactions also may exist be- 
een the autonomic nervous system and the heart, in 
uch one modulates the other. For example, pro- 
ed sympathetic stimulation can produce myocar- 
ecrosis that can result in abnormal electrophysi- 
gic states.? Also, myocardium damaged by ische- 
or infarction can produce autonomic disruption, 
ch can lead to autonomic heterogeneity in the dog 
ympathetic supersensitivity, and be a factor in the 
opment of ventricular arrhythmias.!? Autonomic 
lation alters ventricular refractoriness and thus 
fy alterations in the QT interval produced by 
ythmic agent. In experimental canine prep- 
vagal stimulation prolongs ventricular mus- 
sfractoriness, whereas adrenergic stimulation 
nortens it. In humans, atropine, despite pretreatment 
th propranolol, shortens ventricular muscle refrac- 
ess and the QT interval, implying that direct vagal 
ulation prolongs the QT interval and ventricular 
ctoriness.!? Propranolol does not change refrac- 
)riness or QT interval. It has been suggested that im- 
anced stellate ganglion input due to preponderant 
ffects of left stellate ganglion is responsible for the 
ongenital long QT syndrome." Although there are 
e animal data to support that conclusion, the auto- 
omic involvement in this syndrome, though critically 
portant, is probably more complex." 


odynamic Alterations 
Antiarrhythmic agents can alter myocardial perfor- 
lance and the peripheral vascular system to cause 
diac arrhythmias. For example, 8-blockers can pro- 
se bradycardia that may exacerbate congestive 


Proarrhythmic Effects of Antiarrhythmic Agents 


of existing arrhythmias 
ed duration, frequency of arrhythmia 
cessant ventricular tachycardia) - 
umber of premature complexes and couplets 
us h t . i g S 


significant hypotension with concomit: 
changes and arrhythmias. Quinidine, whic 
nificant æ blockade, can produce profoun 
sion if given intravenously too rapidly. O 
such as disopyramide and flecainide, exert 
ative cardiac inotropic effects that can alte 
al performance and precipitate heart failu 
coronary arterial obstruction can resul 
myocardial blood flow and possibly uneqt 
tion of drugs to various parts of the myoca 
possible that such heterogeneity can increas 
of ventricular arrhythmias developing ir 
Alterations in heart rate can modulate 
ance of ventricular extrasystoles.?? The 
that alters the sinus nodal discharge rate 
suppress or enhance the development o 
arrhythmias by changing the sinus rate. 


Clinical Considerations | 
Recently, much discussion has focusec 
cept of proarrhythmia. It has been knowr 
years that antiarrhythmic agents can cr 
arrhythmias they are used to suppress.” E 
terest in this topic has increased recent 
ly because of the close scrutiny asso 
testing and regulatory approval processe 
new compounds. However, a brief surve 
ture indicates that it is very difficult to for 
clusions based on any common criteria about 
dence or type of proarrhythmic events... 


TABLE ll Suggested Nomenclature for Proarrt 
Classification 


Primary Unrelated to any identifiable arrhythmog 
other than underlying arrhythmia or 

Secondary Requiring an adjunctive factor, such as hig 
cencentrations, concomitant medicatic 
electrolyte disturbances, ischemia 


Adapted with permission from Horowitz et al.22 — — 


TABLE I Criteria for Ventricular Proarrhythmi 


Torsades de pointes N 

New onset of sustained, uniform ventricular 
(conversion of nonsustained ventricular tach 
sustained ventricular tachycardia) ) 2n 





re defined as the develop- E 


thmia or aggravation of an existing 
First, they should be classified as pri- 
ied by the antiarrhythmic agent itself, or 
another event such as hypokalemia (Ta- 
he arrhythmia itself should be described 
-IH). The level of certainty that the re- 
nduced needs to be clarified (Table IV) 
1e clinical relevance of the proarrhyth- 
st be ascertained (Table V). If these 
are followed, perhaps a meaningful and 
> collection of data can be obtained. 


inically Occurring 
| Arrhythmias 

xicity, often associated with hypokale- 
es automatic discharge, produces trig- 
y, and depresses atrioventricular (AV) 
hythmias. characteristically resulting 
oxicity include atrial tachycardia (usu- 
'entricular (AV) block), nonparoxysmal 
achycardia, accelerated idioventricu- 
yremature ventricular complexes. Oc- 
ced forms of digitalis toxicity may 
ipid ventricular tachycardias, includ- 
ctype called bidirectional ventricu- 


ipress sinus node function, such as 8- 
slow channel blockers, digitalis and 
result i in inappropriate and symp- 

ig sinus bradycardia. Occasionally, AV 
result from these drugs. Uncommon- 
fect His-Purkinje conduction, such as 
opyramide, encainide, flecainide and 
produce AV block, when it occurs, the 
ally in patients with preexisting His- 
tion abnormalities. Usually, only fur- 
n delay in the His-Purkinje activation 


tiarrhythmic agents can be arrhyth- 
rtain circumstances. It is difficult to 
gree of assurance the incidence of the 
uced by any given drug because of 
ifferent criteria and definitions of 

er ts and different categories of pa- 


i ainty That Response is Drug induced 


E ~ Reproducible | 
New. cen serious sii liens or 


‘incidence of proarrhythmic ev 


longation may or may not occur. Statis 
cant changes in the prevalence of arrhyt 
to be correlated with the developme 
meaningful arrhythmias. Primaril 
proarrhythmic effects of antiarrh; 
those that produce symptoms. 

In general, drug-induced ventri 
probably occurs fairly early after 
antiarrhythmic agent or changing its 
sodes of drug-induced ventricular arrhythn 
cur after a stable period, usually several months, wl 
the dose has not been changed, are probably due 
intervening event such as hypokalemia or the addit 
of another drug. 

Recently, we evaluated the records of 412 pa 
undergoing 1,080 drug trials for treatment of vent 
lar tachycardia or ventricular fibrillation to deter: 
the incidence of a proarrhythmic event, defined 
new, symptomatic episode of ventricular tachy 
or ventricular fibrillation that abated when. 
was stopped. Categories of proarrhythmic ev 
cluded repetitive ventricular tachycardia th 
characterized as repeated salvos; incessant ventrici 
tachycardia that was essentially continuous, resist 
to or immediately recurring after electrical or spoi 
neous termination; polymorphic ventricular tachyc 
dia; and ventricular fibrillation. Using these def 
tions, proarrhythmic events occurred in 33 pati 
(8%) and 43 drug trials (4%). The incidence of pre 
rhythmic events for each drug is shown in Table V 

The mean duration of drug therapy before the 
velopment of the proarrhythmic event was 4.8 di 


TABLE V Clinical Relevance 
Proarrhythmic Event 


Significant Spontaneous occurrence of life-threatening or 


significantly symptomatic arrhythmia 


Increased frequency of asymptomatic arrhythmia or 
—— to — electrical ‘stimulation i 


Unknown 


nem with permission from Horowitz et al,?? 


TABLE VI incidence of Proarrhythmic Events 
Encainide 
Fiecainide 
Cibenzoline 
Propafenone © 
Amiodarone 
Aprindine 
. Mexiletine 





Symptomatic 
Bradycardia 


. hemodynamic 
instability) 


scontinue offending drug 


: lexiletine/tocainide 
Atropine/isoproterenol/pacing 


 Tachycardia(with — 


induced SVT SVT 


digitali. 
induced) 


Digitalis- TE 
prolonged QT) Witt 


EE = supraventricular tachycardia: VT = ventricular tachycardia; @ = recommended therapy; O = sometimes useful/required. Me 
. Modified with permission from Zipes DP. The Proarrhvthmic Effects of Antiarrhvthmic Agents: Mechanisms and Management. Berlex Labs in 


he proarrhythmic event occurred more often during 

eatment for sustained ventricular tachycardia (19 of 

43 patients) than for ventricular fibrillation (3 of 114 

atients) or nonsustained ventricular tachycardia (11 

f 155 patients). Age, gender, heart disease, etiology, 

jection fraction and heart failure did not correlate 
th proarrhythmic events.?6 


herapy for Proarrhythmic Events 
. The initial step in treating a proarrhythmic event is 
0 discontinue the offending drug. Further recommen- 
ations are based on the nature of the particular ar- 
hythmia (Table VII). 
- For the patient with symptomatic bradycardia, such 
-as sinus bradycardia or sinus arrest, administration of 
tropine, isoproterenol or a combination of the 2 
hould be considered. If this therapy is unsuccessful or 
ontraindicated, temporary pacing is the alternative 
ipproach. Long-term pacing, which involves implan- 
ation of a permanent pacemaker, is recommended for 
atients requiring long-term administration of a drug 
hat causes symptomatic bradycardia. For example, in 
iur experience, approximately 29» of patients treated 
vith amiodarone for ventricular tachycardia or ven- 
cular fibrillation may have symptomatic sinus 
adycardia.? Pacemaker implantation permits drug 
ministration without adverse effects from bradycar- 
in those patients with forms of the bradycardia/ 
cardia syndrome that may be aggravated by anti- 
Ahmic therapy. 
though the treatment of drug-induced tachycar- 
ries according to the specific clinical problem, 
eral management involves withdrawal of the drug, 
in of cardiopulmonary resuscitation if neces- 
and institu tion of electrical cardioversion or defi- 
ient: is hemodynamically unstable. 
aversi 


sion may be dangerous. 


by withholding digitalis. If the patient is. 
due to a tachyarrhythmia, administration: 
(if the serum concentration is low), lidocai 
olol or phenytoin is useful. Other drug-ine 
ventricular tachycardias usually are tre 
would ordinarily treat spontaneous arrhy 
tion should be taken in all instances to 
existing drug toxicity is not compounde 
tration of additional potentially arch 
agents. | 
The treatment of drug-induced ven 
arrhythmias without QT prolongation fo 
al course of therapy for these arrhythmi: 
drug administration. If short-term adr 
intravenous lidocaine is not successfu 
procainamide can be administered cat 
cainamide fails, intravenous bretylium 
Intravenous amiodarone may be usefi 
gational for this purpose. Cardiopulm 
tion may be necessary in patients with : 
tricular tachycardia until the drug is 

the body. In some circumstances, rena 

be considered to hasten the eliminat 

ing drug. 

Ventricular tachyarrhythmias asso 
prolongation can be treated with dr 
prolong the QT interval further. 8 
lidocaine, tocainide and mexileti 
heart rate in patients who have tor 
should be considered early, perhap 
arrhythmic drugs are tried. Pacing 
proterenol or atropine, may be use 
nesium sulfate may be quite. us 
trial.?529 Abnormal serum c 
lytes should be corrected. ' 

— who have prolonge 

' pointes with 1. 
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Discussion 


y Iowa} What were the proarrhyth- 
J of drug trials you just 


sly e parienced xh isdlated i 
) e) | Dr. — one of the 


patients were resuscitated for 8 hours while someone p 
formed CPR and repeated electrical defibrillations unti 
encainide finally wore off. 


Dr. Lazzara (Oklahoma City, Oklahoma): Our unc 
standing of the proarrhythmic effect has been clouded b 
people who say that the effect must be measured as that o 
and above the natural fluctuation. We like to think of. 
natural fluctuation as being in the downward directio: ibi 
is also i in the — direction, therein, you might 





Dr. Zipes: Ideally, yes, for several reasons. Our data indi- 
' that proarrhythmic events occur early, usually within 


veral days. Moreover, I think that most of the patients who 


ould be treated are those who are sick enough to be hospi- 

d. For example, we do not treat patients with premature 

ular complexes very often, except in rare cases where 

patient's life is intolerable with palpitations. For the most 

part, we are treating very sick people with symptomatic ar- 
thmias who belong in the hospital. 


Dr. Siddoway (Baltimore, Maryland): I think the issue of 
ho to treat is certainly an important one. The question of 
whether ; a patient needs to be hospitalized to start treatment 
most. frequently an issue in patients with atrial fibrillation. 
- Dr. Prystowsky (Durham, North Carolina): Dr. Zipes, 
what about the patient who has atrial fibrillation and is in 
inus arrhythmia at the start of therapy? Do you want to start 
herapy in-hospital? 


Dr. Zipes: That is a tough decision. Ideally, the patient 
ould be hospitalized, but practically, it is impossible and 
oes not make sense. I have patients come to the medical 
nter early in the morning, as outpatients, so that I can start 


rinistering quinidine, or whatever agent is being used. If 


oroblem develops after a couple of doses, we are there to 
rene. This is not the ideal situation, but it's a practical 


Dr. Prystowsky: Are you not alarmed by the Scandina- 

į study in which patients with atrial fibrillation had about 

incidence of new potentially life-threatening ventricu- 
‘arrhythmias after cardioversion? 

Dr. Zipes: I am not alarmed, but I am concerned. How- 

ver, Ido not think that one can hospitalize all these patients. 


to start tihein: on t quiniding is 


Dr. Woosley (Nashville, Tennessee 
rhythmia Pilot Study, many patients: develop 
ventricular tachycardia while receiving. 
drugs. It is not certain, however, if these we 
effects, or if these patients would have died 
drug had not slowed the ventricular tachycard 
for them to reach the clinic. Are we discussin 
effect? 


Dr. Zipes: If the patient has only bad nonst 
tricular tachycardia before, is given a drug, 
sustained ventricular tachycardia, I. think 
rhythmic event; the drug has changed the 
tachycardia to sustained tachycardia. Obvious 
be certain would be to stop the drug and r 
patient with it. If the patient developed a sust 
again, then I think you could be certain it wa: 

Virtually all antiarrhythmic agents slow 
tricular tachycardia, probably through. mult 
nisms. This slowing effect electrophysiologic: al 
the transition from nonsustained to sustain 
Suppose the patient has nonsustained VT du 
loop that circulates too fast and dies out after 3 
the drug depresses conduction velocity signif | 
markedly increasing refractoriness, that effec 
mit a previously nonsustained reentrant loo 
more slowly, with no significant change ii 
and now become a sustained ventricula 
would have to be at a much lower rate, so. it 1 
better. It isa proarrhythmic event. _ 





| n Approach to Therapy for Paroxysmal - 
Supraventricular Tachycardia 


E J. KLEIN, MD, ARJUN D. SHARMA, MD, and RAYMOND YEE, M 


ptions are available for managing re- 
smal supraventricular tachycardia. 
lude empirical drug therapy on a 
basis, | drug therapy based on the re- 
ysiologic testing and nonpharmaco- 
in luding operative therapy, catheter 
ycardia devices. Empirical drug 
priate when the tachycardia is rela- 
ated and the patient has access to a 
Therapy guided by electrophysio- 
is more appropriate for patients with 
ns during tachycardia, patients with 
serious arrhythmias such as 
e Wolff-Parkinson-White syn- 
S who have failed to respond to 


ventricular tachycardia (SVT) can 
'egular tachycardia (rate up to 250 
gi ssuddenly and originates at a site 
s bundle or for which the atrioven- 
or the atria are critical to its perpet- 
olex may be normal, or it may be 

t of aberrant conduction or preexci- 
| mechanisms of paroxysmal SVT 
dal reentry, (2) AV reentry using a 
est accessory AV connection, (3) 
eentrant or automatic}, and (4) si- 
trial flutter with 2 to 1 AV block 
paroxysmal SVT with a rate of 
ts/min. In most cases, particu- 

th no evidence of organic heart 

‘4 aal SVT is caused by AV 

y.! AV nodal reentry can 

| AV reentry by means of 


Og i e La boratory, U niversity 2: 


San da. This study was sup» 


empirical trials of drug therapy. Electrophy IS 
testing usually provides information about the p 
cise mechanism responsible for the tachyca di 
allows verification of drug efficacy. It is a stri 
requisite for operative, ablative or antitachycardi. 
device therapy. The choice of therapy depends 
great deal on local expertise, patient preferenc 
individual considerations. Operative therapy is 
successful in patients with supraventricular tac! 
cardia associated with the Wolff-Parkinson-! hi 
syndrome and should be given high priority as 
option in younger patients facing a lifelong com iit 
ment to antiarrhythmic drugs. 


(Am J Cardiol — ! 


an electrocardiogram.!4 Features favoring a diagr 
of paroxysmal SVT due to AV reentry include pi 
tation in normal sinus rhythm and a rate change 
functional bundle branch block during tachycardia 
P wave within the QRS interval indicates nearly 
multaneous activation of the atria and ventricles 
strongly supports the diagnosis of paroxysmal 
caused by AV nodal reentry,” although failure t 


atrial activity can occur with any mechanism. (Fig 


Short-Term Management of Paroxysmal 
Supraventricular Tachycardia 


The initial treatment of paroxysmal SVT does. n 
require knowledge of the mechanism responsible 
the tachycardia. In fact, it is generally not feasibl: 
determine the mechanism precisely in the clinica 
ting before initiating therapy. However, a few cautioi 
ary notes are in order. First, paroxysmal SVT i 
degenerate into atrial fibrillation, which: ‘may res 
a very rapid ventricular rapona in patie rts 


| Wolff-Parkinson- White. (WPW 
; shor H 
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FIGURE 1. Supraventricular tachycardia. The mechanism of tachycardia in this patient was atrioventricular nodal reent 
P wave Is identified in the terminal part of the QRS interval in lead V4. | 


should be considered if atrial fibrillation occurs during 
ysmal SVT. Second, it is important to be certain 
erhythm disturbance is indeed paroxysmal SVT 

h or without aberration and not ventricular tachy- 

ia, which is frequently mistaken for paroxysmal 
vhen the tachycardia is not frankly sinusoidal 
when it is relatively well tolerated hemodynami- 
cally. Verapamil, a negative inotrope and vasodilator, 
in cause grave consequences if given during ventric- 
ular tachycardia.9 All wide QRS tachycardia, especial- 
y in a patient wih previous myocardial infarction, 
ould be considered to be ventricular tachycardia 
unless there is substantial evidence to the contrary. 
"he major goal of therapy in paroxysmal SVT is to 

w the ventricular rate and, if possible, to terminate 
achycardia. Although variability exists in individ- 
approaches to acute management of paroxysmal 

T, the following guidelines are suggested: 

A 12-lead electrocardiogram and rhythm strip 

sł uld be obtained, with Em on QRS morpholo- 
nd the AV relation. 

rocardiogra | shy is helpful i in identify- 


ated with intravenous administration 
(Tensilon®), 5 to 10 mg or phenylephrir 
Atrial tachycardia or flutter will becor 
the continuation of tachycardia in th 
rary AV block, whereas AV or AV nod 
cardia will slow slightly and either te T 
tinue. E 

3. The current initial drug of cho 
paroxysmal SVT is verapamil, 5 to 10 
slowly over a period of 1 to 2 minui 
taking 8 blockers, verapamil should. be 
ly, and the dosage should be more cot 
ever, we have seen no adverse effe 
tients without heart disease who ha 
combination of drugs.? EM 

4. Alternative drug regimens m 
empirical basis. Such regimer 

up to 10 mg intravenously, procain: 

administered by slow infusior 
intravenously and other age 
sopyramide are especially ap 


 isnot confident t that ven 
amination should. luded from the d 





to adenosine — The mechanism of tachycardia is atrioventricular reentry. Adenosine triphosphate 
1S hrough a femoral line before the onset of the record, promptly terminated tachycardia. 


ith burst stimulation or extrastimuli. 
'ansthoracic shock can be used if the 
d echniques fail or if hemodynamic 


denosine triphosphate (Striadyne®), 
ilar compounds are known to have 
ent negative dromotropic effect 
uction when administered intrave- 
> of these agents will probably 
rug of choice in the acute manage- 

d SVT within the next few years. 


hat — may ben many roads to a 
Or ^ views are as follows: 


o o be made is whether to defer 
hhold therapy. Therapy can be 
he episodes of paroxysmal 
yell tolerated and the patient 
olated from medical care. Ther- 
if the patient is capable of 


vors of cardiac arrest in the WPW syndrome in 
absence of concomitant heart disease invariably 
these electrophysiologic findings. #11 Unfortunate 
such findings are also seen in approximately 50% 
patients presenting with WPW and paroxysmal 


alone,” and it is obvious that the population at risk 


considerably greater than the population destined 
have a fatal event. It can thus be debated whethe 
not it is worth addressing the issue of the potential 
rapid atrial fibrillation in a patient who will probab 
never have this problem.!? In our view, the ante 
grade effective refractory period of the accessory pi 
way should be estimated in the WPW patient s 
treatment may be given not only to prevent 


mal SVT, but also to decrease the ventricular 


the event of atrial fibrillation.? 

In addition to electrophysiologic testing, | 
sive means are available for estimating the 
grade refractory period of the accessory pathway. 
tients with intermittent loss of the delta wave, as se 
on ambulatory monitoring or serial electrocardiogr 
phy, invariably have “precarious” anterograde acce 
sory pathway conduction with a relatively slow 
tricular response in the event of atrial fibrillation 
The same generally holds true in cases in which the 


is an abrupt disappearance of preexcitation afte 


venous injection of ajmaline,!? procainamide" 
sopyramide,!! indicating a longer (270 ms) refri 
period of the accessory pathway. In general, | 
findings identify those at low risk for the develop 
of excessively rapid rates in the event of atrial fibri 
tion and allow selection of therapy for symp! 


| . considerations alone. However, thes 





sis of parciyeinal sübriventicute: tachycardia uncertain 
symptoms (such as hypotension or syncope) during paroxysmal supra- 
ricular tachycardia 
fractoriness to attempts at empirical drug therapy 
ccessibility of a medical facility 
i sideration of operative- or device-related therapy for paroxysmal supra- 
ventricular tachycardia 
tient preference 
jnclear status of the anterograde refractory period of the accessory pathway 
- in Wolff-Parkinson-White syndrome* 


* This indication reflects the view of the authors and may be controversial. 


BLE it Therapeutic Options for Recurrent Paroxysmal 
Supraventricular Tachycardia 


macologic: intermittent oral therapy 
irmacologic: long-term oral therapy 
Operative correction 
'ioventricular nodal ablation 
achycardia device 


yproach is reasonable for patients with well-tolerat- 
ed arrhythmias who have access to medical facilities. 
t is also appropriate for those with no overt or inter- 
ittent preexcitation who would not be expected to be 
at high risk for atrial fibrillation with a rapid ventricu- 
lar response. Empirical therapy is best assessed in pa- 
ients with frequent episodes of paroxysmal SVT, so 
at the utility of therapy can be readily determined. A 
wide variety of antiarrhythmic agents may be used; the 
initial choice of drugs depends greatly on individual 
patient considerations, dosing intervals and physician 
ference. Digitalis, 8 blockers and calcium antago- 
sts are frequently used initially, but class I agents 
quinidine, disopyramide, flecainide, procainamide 
id propafenone) are at least equally satisfactory. In 
our view, amiodarone should be reserved for the pa- 
tient whose arrhythmia is refractory to other drugs and 
who i is not a candidate for operation. 


Treatment Guided by Electrophysiologic Testing 
Electrophysiologic testing verifies the mechanism 
of paroxysmal SVT in most instances.!? It provides an 
objective and quickly attainable endpoint for therapy, 
amely, the induction of paroxysmal SVT by pro- 
ammed stimulation. The suppression of induced 
paroxysmal SVT by drugs in the laboratory setting is a 
iluable predictor of efficacy for long-term drug ther- 
apy.'929 Electrophysiologic testing also enables the in- 
uction of atrial fibrillation in patients with the WPW 
syndrome, which in turn permits assessment of the 
ial severity of this arrhythmia should it occur 
lly, and assessment of the effects of any drugs 


been. ‘Prescribed. ^/* Balancing. these ad- 
nd discomfort associated with  p 


relative (such as when th 


ence of electrophysiologic testi gh 
of empirical therapy]. 


Therapeutic Options for Long- Tem 
of Paroxysmal Supraventricular Tach 


The clinician can offer a wide variet 
to the patient with recurrent paroxysma 
I). Indications for each form of therap 
lute; a few generalizations can nonet 

Intermittent oral therapy involves 
ment of oral therapy with a large oral b 
onset of symptoms.” Tachycardia n 
when an adequate blood level of the 1 
been achieved. Medications are not ta 
sence of tachycardia. The choice of di 
rived at by trial and error, or with the u 
physiologic testing. Intermittent oral thea 
useful for treating relatively infrequent 
erated paroxysmal SVT, provided patie 
discipline to carry the medication on 
during relatively long asymptomatic periods 
not found it to be a practical solution. 

Long-term drug therapy is the most col 
of treatment for recurrent paroxysmal SV‘ 
ly the treatment of choice when an effect 
tolerated regimen can be established in 
patient. A wide range of drugs includi 
blockers, calcium antagonists and clas: 
antiarrhythmic agents have been show 
for long-term treatment. | 

Operative treatment for disruption 0 
pathways is currently highly successf 
morbidity reported by institutions pe 
sonable volume of surgery. Inde 
suggest that operative treatment of AV 
tachycardia will be associated with s 
Operative therapy is strongly recomm 
tients with paroxysmal SVT that canno 
with a reasonable drug regimen and f 
ventricular fibrillation has occurred as 
of atrial fibrillation in the WPW synd 
therapy is also an attractive alterna 
patients who would otherwise be f 
commitment to antiarrhythmic drugs 
capable of adhering to drug therap 

Catheter ablation of the AV node 
proved a highly successful form of t 
acceptably low morbidity rate.? 
procedure leaves the patient perm 
on a pacemaker. Thus, it should gi 
for the drug-refractory patien 
candidate. Most such patient 
Hor min oe 
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Discussion 


jon ia city, Oklahoma): Although anti- 


not preventive, theoretically one 


ould actually abort tachycardia by 

remature atrial complex. Some Ger- 

is could be done fairly effectively. Do 
with that type of approach? 


Ontario, Canada]: My view is that if 
ia with surgery, why saddle the 

e no personal experience with 

at: others with long-term expe- 


ort of therapy s Ven Satisfactory. | 


interest and number of implants plummet. An except 


the cardioverter defibrillator, which has enjoyed a S 
increase in popularity. : 


Dr. Akhtar (Milwaukee, Wisconsin): Dr. Klein, th 
question about the philosophy of acute emergency 
ment. I think most of the time there is panic in the emerg 
room and the desire is simply to terminate the arrhyth 
without even determining its nature. Shouldn't one ha 
long-term plan before even attempting to terminate thi 
ae 


Dr. Klein: Yos but the reality is that moi pe 





result Eres not at predict ch hu bale efficacy. Inducibility 


better predictor of efficacy with a relatively steady-state 

level. I agree that you should learn all you can when 

have the patient, but what is needed is a practical ap- 
ach for patients in more isolated treatment centers. 


Dr. Prystowsky (Durham, North Carolina): Dr.Klein, Dr. 
nanapazier from our group has evaluated the procain- 
mide infusion test to determine its usefulness to predict 
Volff-Parkinson-White patients most likely to have short 
excited RR intervals during atrial fibrillation in the drug- 
‘ee state. Although methods differed between our study and 
1at of Wellens and colleagues, we were unable to confirm 
he predictive accuracy of the test. Of note, there was a 
ubstantial false-positive and false-negative rate. We think 
major reason for the discrepanices between the studies 

s the unique patient referral population seen at Duke. 
ese individuals often have accessory pathways that can 
tain rapid conduction. However, it is just this patient pop- 
tion where the test is most important, i.e., to identify the 
-tisk patient prone to sudden death. In essence, if one 
tsto know what the shortest preexcited RR interval is in 
fibrillation, then this arrhythmia should be initiated in 


Dr. Klein: One obvious difference in your research is that 
rospective data were used. One might say that putting in 
itheters is not a natural setting. I have not evaluated pro- 
ainamide. We use disopyramide, and when it was adminis- 
red as Wellens did it, during a resting state without cathe- 
s, about 2 false-positive results were seen in 80 or 90 
atients. So it is reasonable to perform the test in that way in 
l patients, although there are some problems with it. We 
re dealing with probabilities, and to many physicians who 

not have an electrophysiology lab or will not refer their 
atients for EP tests, it is certainly better than nothing. How- 
ver, I agree that there are a lot of problems with using dd 
harmacological tests. 


Dr. Prystowsky: At least from our perspective, this issue 

ontroversial. We would never use it as a sole test. If you 

' trying to determine the shortest RR interval during atrial 

brillation, isn't it just as simple to do a 1-catheter study or 
en use an esophageal lead? 


: of what is sgoingt to be done 


ing the probability of succes lor s som 
better than blind empirical therapy, but 
your reservations. 


Dr. Martins*: Dr. Klein, I am interested 


adenosine triphosphate (ATP). If the patient ex 


comfort and a feeling of suffocation, does € 
resume after the effect of the ATP ceases? 


Dr. Klein: We have seen that phenomen 
about 60 cases, and I think the key is to prep 
you tell patients that the injection is goin. 
breathe fast for a few minutes as if they ji 
water, but that it passes very quickly and not 
it, most peopie tolerate these effects very we 
siastic about this agent because we find it to 
drug for the acute treatment of PSVT. | 


Dr. Kehoe*: | have a quick question about th o 


patients in the VF group may have had cardiac 

emergency room, perhaps as a result of misgui 

cologic therapy? Isn't it inappropriate to coun 

as being in the high risk, SUO -sudd 

group? | 
Dr. Klein: The main drug in question. 

those data were accumulated was digitalis; p 

fourth of the patients studied were taking th 

acute or chronic therapy. That certainly is 

if you took out 6 data points on our figu 

detract from the fact that the people wh 

short SRR in the laboratory almost with 

is the occasional patient that we all en 

about 15 more Wolff-Parkinson-Whi 

since I left Duke, and only 1 patient h 

250, and then there was some questio 

pathway during the catheterization. 8 

exceptions, it does not detract from the 

sensitive way of looking at the problem. Ot 

to be nonspecific. If anyone is ever abk 

prospectively with a very large numbe 

to have PAT for years without therapy 

show that it is sensitive but nonspec 


(€—— 


* Audience participant. 





ronic Ventricular Arrhythmias: Which Dru; T 
for Which Patient? 


ROBERT DIBIANCO, MD 


other medical conditions such as hepatic or re 
failure are present, the appropriate : choice fe 


bation of other medical redii and 
rious interactions. Combina y 


| iiw t salen a and Mficacy profiles wthmic agents is ofte stive 
ir endo established. The "'second- creasing arrhythmia control without increas r 
nythmic = ents recently ap- verse effects. However dos. nodifications 
J Administration offer ecessary | 1 
in conjunction with another such agent, or wit 
agents that also have electrophysiologic activity 
modify metabolic or elimination functions. The 
lowing report is one clinician’s approach. for « )pti 
ing efficacy and minimizing toxicity while usi 
difficult class of drugs called antiarrhythmic age 
| desc scriptore," suchas H will — the use of certain drugs be 
nedic; weg ;onditions, are ' d on c Jerations 
wining which agent is most 
ective, and which agents 
luce adverse effects. When (Am. J Cardiol 1988; 61: 834-9: 7 


Certain benefits of treatment have yetto be pre 
ly defined, even for patierits in certain high-risk 
groups (i.e., those with sustained ventricular tach; 
dia or ventricular fibrillation) for whom the neci 
of treatment is apparent. Studies limited to su 
tients have, for the most part, provided only 4 pro 

d of information relative to responding and nonres| 
che — with: a ventricu- subgroups rather than definitive proof of the bi 
ial initiation of therapy, cer- of treatment compared with the natural hist 

oth the patient and clinical set- these conditions.!-? Delineating the relation betw: 
mine which agents are most treatment and a reduction in the risk of sudden de 
the fewest adverse effects. awaits the completion and analysis of large:s 
— . carefully controlled trials. | 
: — Adventist Hospi- » Recognizing that issues regarding — | 
eorgetown University: ment. remain. controversial," 510 1 the f | 





rh 


hythmia is often influenced 
) of the arrhythmia present, the patient's h 
dynamic response to the arrhythmia, the extent 
itricular dysfunction, the presence of underlying 
coronary disease or myocardial ischemia, consider- 
ations regarding family history, and the risk ascribable 
to treatment itself. Discussions of these issues are 
available elsewhere,?-? as are reviews of consider- 
ations regarding surgery and implantable devices.!!-15 
-. Were there an antiarrhythmic agent for the treat- 
ment of chronic ventricular arrhythmia that had uni- 

:rsal efficacy without toxicity, its optimal use would 
still be dependent on the appropriate choice of patient, 
clinical setting and duration of use. Unfortunately at 
present, no such agent has been developed, nor have 
clear-cut guidelines for many aspects of treatment 

een delineated. The following observations are 

ed on the extensive experience with, and infor- 

ion. regarding, the conventional antiarrhythmic 

s, quinidine, procainamide and disopyramide,!*- 

on a less extensive but increasing amount of 

om well-controlled studies of agents recently 

ed by the Food and Drug Administration (to- 

inide,-7? mexiletine,?9-3 flecainide,?9-3! amioda- 
ne?^-55 and encainide?®.36-38), 

: Quinidine, procainamide and disopyramide have 
been referred to as “first-generation” agents, while 
cainide, mexiletine, flecainide, amiodarone and en- 

have been designated "second-generation" 

based on differences in the electrophysiologic 
ties and the more extensive Food and Drug Ad- 
istration-approval process for the newer drugs.?? 
mporal classification seems useful, although it 
be emphasized that it should suggest no hierar- 
of use or favor. The electrophysiologic classifica- 

n of these agents has been developed accordng to a 
nodification of the work of Vaughan-Williams.?? Al- 
though this classification system has some significant 
laws, it does provide a framework for categorizing 
antiarrhythmic agents by similarities, as follows: class 
[A—quinidine, procainamide, and disopyramide; 
slass IB—lidocaine, tocainide, mexiletine; class IC— 
lecainide and encainide; class II—68-adrenergic 
blocking agents; class III—amiodarone; and class IV — 

lcium channel blocking agents. Only the class I and 

antiarrhythmic agents available for chronic oral use 

e reviewed in this report. 

"The purpose of this report is to establish a clinically 

evant foundation and outline for current use of 

ese agents that may be modified as our knowledge 

:reases and as even newer drugs become available. 

cusing on information regarding the pharmacology, 

/, toxicity and comparability of these agents ob- 
from well-controlled studies of chronic oral 
nt will enable us to maximize the potential 
s of these drugs while minimizing their harmful 

teview of the experience gained as newer 

n large numbers of patients with dif- 


she 


sw General Principles — 


Ideally, the etiology of a ventricular: 
its provoking stimulus should be identi 
arrhythmia treated specifically. When a 
is provoked by a condition such as ischemia 
acid-base imbalances, electrolyte abnorma 
cially those of potassium and magnesium] 
nous or exogenous sympathetic stimulatior 
ed to use of certain drugs (including alcoh« 
digitalis, tricyclic antidepressants or th 
treating or alleviating the cause directly ca 
favorable effects that preclude long-term ar 
mic drug use. —— 

In most cases, however, the etiology and 
stimuli of an arrhythmia cannot be id 
treatment becomes empiric. The char 
ventricular arrhythmia are recognized 
predictors for a particular patient's rest 
rhythmic therapy.*^ As Zipes has obser 
tempt at treatment is an uncontrolled 
There are, however, certain clinical indi 
drug may be preferable to others, if on 
reduced likelihood of adverse effects. A 
of adverse effects can enhance both con 
compliance, which may significantly affect the 
of long-term treatment. Thus, the side-eff 
of individual agents become an importan 
ation in determining optimal pharmacolo; 


Adverse Effects 


Adverse effects have been estimate 
as many as 30% of hospitalized patier 
drug treatment.” Antiarrhythmic drugs. 
membrane-active agents, are a parti 
erated class of drugs. Adverse effec 
the first-generation agents (i.e., « 
amide and disopyramide) have bei 
The adverse effects of newer ag 
ond-generation antiarrhythmics, 
eated, and large numbers of patients 
observed for extended periods before 
fect profiles of these agents are fully apprec 
wide use of these agents among 
will reveal the uncommon side 
physician may minimize the ris 
tions by prescribing only those 
understood as a result of either th 
ence or reference to published repo 
be preferable to limit use to a sel 
in order to optimize experienc 

Two adverse effects of a 
quire special attention beca 
significantly increasing th 
effects are the proarrhyth 


inotropic action. of ar 





iS. a determination d of fe — ind perip 


rhythinic drugs" a edi | that terde to 

ie proarrhythmic risk. A definite but unpre- 
cidence of proarrhythmia exists for all 
mic agents. Some data suggest that the 
imic potential is increased in those second- 
on agents that have a greater capacity for re- 
e upstroke velocity of the action potential 
is IC agents, flecainide and encainide).?751.5? 
, however, no definitive data supporting such 
ased risk, and studies evaluating an increased 
mic potential for these agents have varied 
types of patients studied, dosage levels 


iythmic potential of all antiarrhythmic 
ased by the presence of a high-grade 
hythmia (including sustained ventricu- 
or fibrillation), poor ventricular func- 
y with concomitant heart failure, con- 
ances (especially intraventricular 


ing repolarization abnormalities (such - 


i intervals), or electrolyte imbalances 
magnesium. The proarrhythmic risk is 
ased when drugs are introduced at high 
ith rapid increases in dosage before es- 
ady state. For example, the proarrhyth- 
quinidine among patients with life- 
thmias who are titrated rapidly to 
ents‘? is much higher than that seen 
in-life-threatening arrhythmias who 
16 as outpatients.* In addition to re- 
in quinidine administration, the in- 
ythmic potential of this agent among 
nts also reflects the frequent pres- 
ular dysfunction and a history of 
g patients in the former group, and 
f these conditions among patients 
? Morganroth and Horowitz?? re- 
ions in the proarrhythmic poten- 
r experience with encainide has 
t is similar in all respects to the 
s for quinidine. Rapid, high-dase ti- 
atients was associated with a 
rhythmia, compared with an 
ely 5% after gradual, low- 

ent. 37,38 
portant point to be made re- 
iarrhythmic agents is that the risk 
inimized through constant atten- 
nce and complete and judi- 
atient as soon as possible after 
ə the best precautions, ma- 
IS: orsade de pointes may 


vascular effects of antiarrhythmic agents ha: 


complicated by many factors. Most studies lack 
quate controls for the many confounding variabl 
relate to study design or the patient sample. No 
less, review of the available data supports the c 
tion that disopyramide and flecainide demoi 
larger negative inotropic effect than other a 
agents, although a mild reduction in left vent 
function is seen with amiodarone and perhaps 
cainamide as well395457 The adverse inotropic 
hemodynamic changes caused by disopyramide 
flecainide are clearly dose related, and these ch: 
are more likely to occur when left ventricular fur ) 
is already compromised. 

Now comparative data of effects on left vent 
function are available for the newer antiarrł 
agents. Quinidine, procainamide and disop 
have been shown to have similar effects on : 
tricular function as demonstrated by radi 
ventriculography**: in 1 study, left ventricular e 
fraction was reduced by more than 5% in 8 of 
tients receiving disopyramide (141 + 26 mg ev 
hours}, 5 of 17 patients receiving procainamide (44 
100 mg every 4 hours), and 6 of 17 patients given qu 
dine (401 + 101 mg every 6 hours). (These ch 
were not statistically significant. Given th 
changes occurred after administration of : 
dosages, it seems prudent to avoid loading dos 
titrations to higher dosages, or maintenance 
that are higher than necessary with any chi 
administered antiarrhythmic agent. Clinical. 
lines to prevent adverse left ventricular effec 
the use of disopyramide or flecainide in patients 
history of overt heart failure, or those with severe 
depressed left ventricular function are reasonable. B 
cause the left ventricular effects of disopyramide 
cur early (most often within the first week of us 
patients should be closely observed during this perio 
Progressive effects on ventricular function or tho 
developing late in treatment are rare. The safety of 
drug may be enhanced by observing the following: 
ommendations: avoid loading dosages of disop: 
mide; reduce maintenance dosages in patients 1 
renal insufficiency; increase doses gradually if adc 
tional drug action is needed; and do not give disopyr 
mide to patients with a history of decompensated hei 
failure or severe left ventricular dysfunction.59 ' 
negative inotropic effects of flecainide must be fur 
evaluated along with the potential risks of using. 
drug in patients with varying levels of ventr 
function?! One study showed that heart failure 
oped or was aggravated in 4.3% of patients. 
with flecainide.5? 


. Practical Aspects of Prescribing 





treated with quinidine, procainamide and di- trophy aff 
used a are » both membrane àc 


imide has improved as the necessity for frequent 
dministration due to relatively short plasma half- 
es has diminished.** 4 Procainamide can be admin- 
tered every 6 hours (up to every 8 hours if necessary]. 
uinidine and disopyramide can be administered at 
hour intervals. Delayed-release formulas of sec- 
nd-generation antiarrhythmic agents have not yet ap- 
eared, and their development is less crucial because 
1ey have extended plasma half-lives. With currently 
ailable formuations, statisfactory steady-state levels 
iay be achieved with 8-hour dosing of tocainide and 
ncainide, and with 12-hour dosing of mexiletine and 
inide.?5 Once-daily dosing of amiodarone, which 
san average plasma elimination half-life of approx- 
ely 53 days, is now feasible.??-?* Benefits of con- 
ad-release formulations include slower drug de- 

, Which inhibits the development of adverse 

cts at the time of peak plasma drug levels and peak 
rption. Sustained efficacy is made possible by 
ter stability of plasma concentrations, with fewer 

d more gradual peak and trough swings. Finally, 
d perhaps most important, compliance is enhanced 
y less frequent dosing. A significant drawback to the 


xtended half-lives is the persistence of drug-related 
-effects for extended periods after treatment is 
continued.*2-35 This problem is most dramatically 
monstrated with amiodarone, which has a plasma 
mination half-life ranging from 26 to 107 days. 
Combination treatment: Treatment with a combi- 
tion of antiarrhythmic agents should be considered 
the highest tolerated dose of a single agent proves 
effective or if additional protection is required for a 
atient with a life-threatening arrhythmia. A combina- 
ion of agents allows lower dosages to be used, thus 
1inimizing adverse systemic and noncardiac effects, 
vhile allowing additive electrophysiologic effects.95-97 
ong-term therapy is also enhanced by a reduction in 
se-related adverse effects. Obviously, combination 
1erapy does not reduce the risk of hypersensitivity 
eactions. In fact, combination therapy would theoreti- 
ally increase the risk of such reactions by exposing 
' patient to more than 1 drug. Combining 2 mem- 
rane-active antiarrhythmic agents or using 1 of these 
gents in combination with a -adrenergic blocking 
gent may be helpful in some cases. However, combi- 
tion treatment with a 8 blocker and a class I antiar- 
hmic agent has been shown to be generally inef- 
e in the treatment of recurrent ventricular 
cardia.” A8 blocker/class I agent combination is 
illy useful for treating patients who have re- 
d a myocardial infarction, because of the con- 
efficacy of 8 blockade in reducing sudden 
0 ortality. and xeptriculer Lelie dir ei in 


use of similar antiarrhythmics at sta 

not recommended, due to the possibi: 
cardiotoxicity. However, concomitant u 
similar agents at less than standard dosage. 
be of benefit for increasing cardiac effects 
teracting noncardiac and dose-related adv 
Concurrent use of dissimilar agents at. 
ages may also be of benefit for achievin 
and possibly unique antiarrhythmic effi 
patient. Interactions between amiodarone 
ber of other agents (quinidine, disopyramide 
tine, procainamide or 8 blockers) may be 
difficult to predict in individual patients. 
very few data are available concerning. 
rhythmic drug combinations. Thus, the 
must always be alert to the possibility of i 
that have been previously unrecognized: 


Choosing an Agent 


The “agent of choice” concept for tre 
cific arrhythmias is a subjective appro 
faulted for its generality. This concep! 
because it provides a basis for discussing t 
teristics of antiarrhythmic agents that ust 
ence patient compliance and the ease wi 
specific drug is used in a particular setting. W 
concerns are more or less equal, the choi 
may be guided by certain characteristics of 
or clinical setting. In each case, the goals of t 
the same, i.e., to reduce the ventricular 
(especially high-grade forms) and to redi 
dence of sudden cardiac death with 
adverse effects. In the following sectio 


mon characteristics, or "descriptors 


will be considered within the ira n 
concept. | 


Patient Descriptors 


Each descriptor described represen 
tic that is the primary concern for tr 
situation under discussion; other patien 
features in these theoretical situations pl 
tant roles. 

It is well known that agents vary 
percentage of patients responding tot 
percentage of those experiencing in 
fects. Also, the newer class IC agen 
encainide, have higher predict 
suppression of premature ventrict 
adverse effects than other age 
pre-FDA-approval studies 
are not the primary criter 
agent,2829:36.77-79 and sor 


. Cy rates of other anti 





: disopyramide > quinidine > pro- 


eration: encainide = flecainide > mexile- 
inide > amiodarone. 
patient is facing prolonged treatment, it is 
"use an agent for which extensive clinical 
onfirms both effectiveness and safety of 
eatment. Only the first-generation antiar- 
gents, disopyramide and quinidine, have 
is status. An absence of late adverse effects 
dictability of early adverse effects make 
: particularly well suited for use in the 
n those expected to require long-term 
2489 Ouinidine, which has a low incidence 
S sitivity reactions, is an appropriate second 


se bean of the high risk of hypersensi- 
ons to this drug.*^*9 Greater experience 
-generation antiarrhythmic agents will un- 
eel others Hiat are safe for long- term 


: itge an bee of adverse effects seen 
5-27 E amiodarone” -35 should guide 


er se, is not an important descriptor on 
initial choice of antiarrhythmic agent. 
nedical conditions more common 
play an important role in the choice 
ment of hepatic, renal and cardiac 
icreases in plasma elimination half- 
n in older patients).°° The anticho- 
ts of disopyramide (e.g., dry mouth, 
rinary hesitancy) may be particular- 
Iderly, and therefore reduce com- 
ation of anticholinergic effects can 
procainamide. It has been reported 
be drastically reduced or elimi- 

se of pyridostigmine, an anticho- 
These investigators empha- 
ig-lasting pyridostigmine prep- 
sspan®) should be used at a dos- 

urs to counter anticholinergic 

w higher disopyramide dosage ti- 
addition of pyridostigmine 

e the — of antiarrhyth- 


and associated : atrial atchvilumias such as 6 ect 


tachycardia and atrioventricular tachycardia 
entry circuits using accessory pathways). Atriovei 
ular nodal reentry rhythms are the most commo 
of paroxysmal atrial tachycardia. In my opinion, 
are best treated with digitalis, 8 blockers or verag 
as first-line agents, although clearly other class I. 
drugs are often effective. Quinidine, disopyrami 
procainamide may also be effective in specific c 
particularly when preexcitation is present.??-94 
Any of the agents listed above would be a. 
choice for initial treatment of chronic ventricula 
rhythmia with an associoated atrial arrhythmia. 
ever, the Food and Drug Administration has appr 
only quinidine and procainamide for the treatm 
atrial arrhythmias. Despite a lack of Food and 
Administration approval for this use, substantial i 
mation is available to support the use of disopyra 
in patients with atrial arrhythmias, particularly 
associated with Wolff-Parkinson-White pre 
tion.9?-95 The applications of flecainide and amio 
rone are limited by certain clinical consideratii 
specifically, initiation of treatment should occur i 
hospital and is generally reserved for patients 


life-threatening arrhythmias. Furthermore, am 


rone requires substantial clinical follow-up. 


Associated Sick Sinus Syndrome 
First generation: Agents are probably equivalent. 
Second generation: tocainide > mexiletine >> en 
nide or flecainide » amiodarone. | 
Of all the first- and second-generation antiarr 1 
mic agents, tocainide and mexiletine appear least li 
ly to disturb sinus function. However, even. th 
agents can aggravate impaired sinus function. All c 
IA and IC agents are capable of depressing sinus ni 
automaticity. Thus, none of these agents constitutes 
appropriate first-choice drug for patients with pr 
nent sinus node dysfunction. Although quinidine 
disopyramide have anticholinergic effects, they 
not be relied on to support the sinus rate in th 
ence of symptomatic sick sinus syndrome.” Bot 
IC agents and amiodarone can cause sinus brad 
dia and other types of sinus node dysfunction. 


Associated Bundle Branch Block 
First generation: Agents are probably equivalent. 
Second generation: tocainide = mexiletine >> am 
darone = encainide = flecainide. | 
Depression of infranodal conduction and sul 
quent precipitation of complete heart block may 
with any of the standard antiarrhythmic agents. | 
ever, such effects are rare.” The newer agents, fl 
nide, encainide and amiodarcne*® may caus 
found slowing of conduction; intraventricula 


tion mn delays Bac] blocks are recognized 





Mosi of the erreur antiarrhythmic 
ents are contraindicated in patients with ventricular 
rrhythmias associated with a prolonged QT syn- 
ome.’ The exceptions are tocainide and mexiletine, 
ich do not prolong ventricular depolarization or re- 
larization. The suggestion that encainide and flecai- 
le may be useful in this setting since they do not 
ease duration of the QT interval awaits supportive 
. Minor increases in the QT interval after myocar- 
infarction or associated with coronary artery dis- 
‘may be treated with class IA agents. In general, as 
QT interval is progressively extended, the risk of 
rhythmia with treatment with class IA drugs is 
eased, especially if no structural heart disease is 
osent as in a primary repolarization abnormality. 
ignesium and potassium replacement, isoproterenol 
Overdrive pacing have been successful in the 
ment of ventricular arrhythmias in the acute set- 
152 because many episodes of QT prolongation 
obably are provoked by electrolyte deficiencies 9599 
eta blockers are often useful and should be one of the 
rst drugs tried when embarking on long-term treat- 
»ent. However, optimal long-term treatment for this 
roblem remains controversial and each patient re- 
uires special in-depth attention.*?7$ 


issociated with Exercise 
eta blockers are agents of first choice. 

‘st generation: Agents are probably equivalent. 
econd generation: encainide = flecainide = amioda- 
one >> tocainide or mexiletine. 

Exercise may provoke a ventricular arrhythmia by 

variety of mechanisms, including augmentation of 

mpathetic tone, reduction of parasympathetic tone 
r production of ischemia. None of the class I agents 
ould be used to treat a | veritricular pL that i is 


ionic on treatment with a am 0 
bility. | 


Associated Mitral Valve Prolapee ': 

Beta blockers are agents of first choice 
First generation: Agents are probably 
— 


Second generation: encainide = 
ide or mexiletine > amiodarone. : 
Beta blockers may be helpful for c 
rhythmias associated with mitral valve p: 
ever, many patients cannot tolerate loi 
ment with these agents. Additiona 
treatment and tests of efficacy and sa 
necessary.”° ; 


Postmyocardial Infarction 
Beta blockers are agents of first choi 
First generation: Agents are probably e 
Second generation: encainide = flecair 
ide or mexiletine » amiodarone. | 
It is extremely important to identify 
at high risk for recurrent myocardial infa 
den death and to inform them of the need 
ate follow-up and treatment.”7! Rega 
antiarrhythmic drug used, all such pa 
careful and intensive follow-up. i 
The agent of choice for initial treatmen 
with chronic ventricular arrhythmias wl 
myocardial infarction is a 8 blocker (timolc B 
lol or metoprolol), either alone or in con 
other therapies. In addition to contro 
mia, 8 blockers reduce ischemia and 
of catecholamine excess." Beta bloc] 
shown to prolong survival in placebos 
uations of these patients; whether this i 
reductions in ischemia, reinfarction or 
however, is unclear. | 
Suppression of ventricular arrhythn 
arrhythmic drugs has not been shown 
vival after myocardial infarction,"9?! ¢ 
currently under intense and —— 


Left Ventricular Function m 
(See General Principles, Adverse. Hi 
sion of negative inotropic action b 
Hypercontractility | 
First generation: disopyramide 
cainamide. ; 
Second generation: flecainide > 
ide or mexiletine > amiodror 

This patient group, much | 
cardial infarction group, sh 
treatment with 8 — : 





ir de> mexiletine or tocain- 


th disopyramide and flecainide can 
in. contractility.5*-9? Therefore, it is 
dent to restrict the use of disopyramide to 
ve had adverse reactions to quinidine 


ide. Extra care should be used during 


disopyramide treatment in this patient 


tients should be observed for changes in 
ar performance. Because heart failure is 
be precipitated in patients with a history 
ompensation,* it is reasonable to as- 
heart failure in those with left ventric- 
but without overt heart failure) is 
iormal patients but less than in those 
evious failure. We have found diso- 
afe for chronic use in patients with all 
ventricular function who do not have a 
t failure or abnormal renal function.59 
-generation drugs may cause a variety 
actions. The most significant of 
3 are seen in patients given flecainide or 
_tocainide may also elevate peripheral 
ince. This agent has been shown to ex- 
rse effects on left ventricular function 
f a 8 blocker. Comparative studies of 
pic effects of second-generation 
een undertaken. Data at present 
however, encainide and mexile- 

tis setting. 


gestive Heart Failure 

sion, Adverse effects, and discus- 
Yotropic. action above.) 
ee > procainamide > diso- 


on: encainide > mexiletine > tocain- 
e > flecainide. 
chronic ventricular arrhythmias and 
estive heart failure are at greatest 
is of treatment and adverse drug 
atients. are presumably taking 


ironic basis and are probably 


Both diuretics and digoxin can 
gni ficant risk of proarrhythmia 
juinidine is used, the dosage 


ention paid to interactions - 


digoxin.19*165 The a-blocking 
y produce hypotension when 
tion with nitrates or other 
igents that are being used 
ymptoms and possibly in- 

h heart failure. When 


d, he ¢ dose must be Te | 


| ma orc 


| range fr : 
nor effects, | to flécaiinide, s which depresses 


ular ejection fraction by approximately 15 
cardiac output by 10%.5”-59 The effects of hear 
on pharmacokinetics and pharmacodynamics a 
always predictable, although such effects are clin 
ly relevant.’ Drug-induced alterations in hepat 
tabolism may cause symptoms similar to those o 
patic disease and prolong elimination half-live 
use of flecainide in patients with heart failure: 
ardous; several investigators have stressed the | 
tance of using very low initial and MK: 
of this drug in such patients.9? : 
It was recently confirmed that reductions | in 
toms after heart failure and improvement in ex 
capacity may be achieved simultaneously with i 
tions in the frequency of ventricular arrhythm 
adding captopril to diuretic treatment. The addi! 
this angiotensin-converting enzyme inhibitor ha 
found to significantly reduce the frequency of ven 
ular arrhythmias in patients with mild-to-m 
congestive heart failure. Such effects were not. 
when digoxin was added to diuretic therapy. Th 
results were obtained in a large, randomized d 
blind controlled trial of 300 patients followed 
months (in press). 


Concomitant Renal Failure i 
First generation: quinidine > procainamide > diso 
pyramide. | 
Second generation: mexiletine > tocainide > amioda 
rone > encainide = flecainide. 

Any antiarrhythmic agent may be used with Succ 
in patients with chronic ventricular arrhythmia w 
have stable renal insufficiency. However, dosa; 
must be adjusted to accommodate limitations of rei 
function. Disopyramide dosages should always bi 
duced since this agent is almost entirely eliminated 
renal mechanisms. Procainamide dosages should a 
be substantially reduced, because the major meta 
lite N-acetyl-procainamide accumulates in plas 
faster than the parent compound in patients with rei 
failure.? Quinidine can usually be used without. d 
age modification.!95 

Of the second-generation agents, encainide a 
flecainide are more slowly cleared in the presence i 
renal insufficiency; thus, dosages should be reduced 
patients with renal failure.2529109 Encainide is gen 
ally given as a single daily dose of 25 mg in patie 
with serum creatine levels of 3.5 mg/dl. This do 
may be cautiously increased by 25 mg/day each w 
up to dosages of 150 mg/day. The starting dose of 
cainide in patients with renal failure of moderate 
gree should be no greater than 100 mg once d. 


Mexiletine, tocainide a and amio darone do not re 


a 


dosage adju: 
suff 





!g enzym ibitor: | guarded 
, since it will promote alectrophystolágic toxici- 


f all class I agents. As in patients with heart failure, 
serum drug concentrations should be measured in pa- 
tients with renal failure to confirm that dosages are 
appropriate. 


Concomitant Hepatic Failure 

First generation: disopyramide > procainamide > 
quinidine. 

Second generation: flecainide > tocainide > encai- 
nide > mexiletine > amiodarone. 

... Information about patients with chronic ventricular 
arrhythmias and concomitant hepatic failure is limit- 
ed. Predicting the effects of the various antiarrhythmic 
- agents in these patients is difficult since a reduction of 
binding proteins and delayed metabolism may en- 
hance free drug levels in some cases, whereas delayed 
metabolism to an active metabolite may reduce drug 
activity in others. Of the class IA drugs, only disopyra- 
mide is not metabolized to an active derivative; hence 
it is not influenced by hepatic insufficiency. It is not 
known whether the presence of hepatic disease alters 
the risk of hepatotoxicity due to quinidine or mexi- 
letine.106 

. The conversion of encainide and mexiletine to ac- 
tive metabolites and the clearance of these derivatives 
are reduced in the presence of hepatic insufficiency.?? 
Extensive biotransformation of encainide takes place 
in the liver; thus, it seems prudent to avoid this drug 
whenever possible in patients with fluctuations in liv- 
er function or hepatic failure. 

In rare cases, encainide and flecainide cause in- 
creases in transaminase levels. Such increases occur 
„more frequently with mexiletine. Increasing transami- 
. nase levels may necessitate discontinuation of treat- 
ment and this option should be considered in all such 
cases.? Amiodarone often produces elevations in he- 
patic enzymes and may cause hepatitis.?? 


Concomitant Hematologic Abnormalities 

First generation: disopyramide > quinidine > pro- 
cainamide. 

Second generation: mexiletine > encainide > tocain- 
ide > flecainide > amiodarone. 

- The risk of agranulocytosis (often associated with 
thrombocytopenia} is greater with procainamide than 
either quinidine or disopyramide.®-® Tocainide?’ and 

ecainide, a congener of procainamide, have also 
emonstrated a propensity for inducing agranulocyto- 
s. Ellrodt et al% reported 8 cases of agranulocytosis 
ver 20 months in an institution where patients were 
ceiving sustained-release procainamide (Procan® 
Of the 8 in whom this condition developed, 5 were 
vering from cardiovascular surgery.®4 Seven pa- 
s had, d presenting. gop omei of fever and constitu- 


Aod be monitored if suci DOE 5 
patients are treated with the newer agent: 
agranulocytosis associated with each th 
more clearly defined. Amiodarone has r 
reported to produce thrombocytopenia.* 


Concomitant Drug Treatments— 
Drug Interactions 


Antiarrhythmic Agents and Digitali 
First generation: procainamide > 
quinidine. 

Second generation: encainide > tocai 
tine > flecainide > amiodarone. 

When digoxin is used in conjunctio 
dine, plasma levels of digoxin may increas 
100%. This interaction must have contr 
development of many adverse reactions 
ported in the past. Results of a prospe 
support the existence of a significant in 
tween digoxin and quinidine that potentia 
toxicity; such an interaction was not seen wit 
amide or disopyramide. Procainamide is reco 
ed before disopyramide on the assumption 
is will most often be given to enhance contra 
disopyramide has the largest potential neg 
pic effect. The use of digitalis for its ai 
effects alone has been rare.’ Little is kno 
effects when digitalis is used in conjuncti 
agents. | 

Amiodarone, a second-generation € 
elevations in serum digoxin levels o 
100%. Thus, use of digoxin together wi 
requires a careful introduction of digo 
goxin levels should be monitored freque 
digitalis intoxication. The negative inot 
flecainide and its ability to increas 
levels by approximately 15% limit its u 
taking digoxin as treatment for heart failu 
letine may cause nausea, which is.o 
magnesium aluminum hydroxide-— 
es digoxin levels. Mexiletine and to 
pear to have a direct effect on serun 


Antiarrhythmic Agents and Warfari r 
First generation: disopyramide : 
quinidine. E 
Second generation: encainide = 
ide = mexiletine >> amiodaro 

The anticoagulant effect 
by quinidine, but it is no 


i procainamide. Simila 





i 


warfarin. This agent also impairs the 
ice of many other drugs by reducing 
+0 Hepatic enzymes do not play a 

e metabolism of disopyramide, and 
his drug is converted to an inactive me- 
ever, over 50% of both quinidine and 
e is converted to active metabolites. Ci- 
ces the clearance of procainamide, 
ügher plasma levels and prolonged 
etidine also increases serum levels of 
xiletine; thus these agents should 
r dosages when administered with 


actions 
to describe all the various drug in- 
review. However, a limited number 
iments are in order. Plasma levels of 
lisopyramide may be reduced by con- 


istration of a hepatic microsomal en- 
uch as phenytoin. Discontinuation of 
ause increases in serum levels of quin- 
amide, thereby increasing the effects 
and in some cases causing toxicity. 
een observed with combined use of 
nd mexiletine.18-21 Although no ad- 
been shown for the negative inotro- 
ckers and class I antiarrhythmic 
ysiologic effects may be increased 
are used concurrently. Thus, con- 
locker and any class I agent de- 
rder to prevent excessive sinoatrial 
thermore, concomitant use of pro- 
ainide may increase serum levels of 
ibined use of amiodarone and £8 
uce additive depressant effects on 
ioventricular nodal function. 
rugs in conjunction with antiar- 
listurb electrolyte homeostasis. 
ium fluxes may exacerbate ven- 


* 


i 


trophysiologic actions. 


Summary Cons 

The conventional or first-genera 
mic agents are effective in reducing the 
severity of ventricular arrhythmias. Unfor 
their effectiveness is unpredictable and many p: 
fail to respond to treatment. The attendant adv 
effects of these drugs also limit their use. Factors fa 
ing the use of these preparations include the fact 
"the pharmacodynamics and kinetics of these ag 
are well known, and their relative safety profiles | 
been clearly established from long-term availab 
and from experience in treating large numbers. 
tients with these agents. First-generation antiarrh 
mic drugs are familiar to most physicians and he 
remain first choices for most patients at this time 
accumulating body of data suggests that the clas: lt 
agents, flecainide and encainide, are more predictabl 
effective, with a lower incidence of early adverse ef 
fects than other second-generation agents. The use 0 
these agents will probably increase if their relati 
safety can be confirmed through broader patient expo 
sure. Even if safety is not confirmed or new proble 
develop with long-term use, these agents will still b: 
valuable treatment alternatives for the large numb 
of patients refractory to standard antiarrhythm 
agents. Only careful observation in large group 
patients will assuage our concerns regarding the lo 
term efficacy and safety of newer agents. Despite 
creases in required testing in different patient gro 
before approval from the Food and Drug Adminis 
tion, little comparative data are available for evalu 
tion. The clinical and research experiences with the 
agents have, however, provided us with guidelines f 
their optimal use. : s 

Quinidine is the oldest of the 3 standard oral cla 
antiarrhythmic agents. It is also the most frequent 
prescribed. Its use has been compromised by a higt 
frequency of gastrointestinal side effects, interaction: 
with other drugs (i.e., digoxin, warfarin and other he 
patic enzyme inducers) and hypersensitivity reaction: 
(including fever and thrombocytopenia). Notwith: 
standing the general lack of comparative data in thi: 
regard, patients taking quinidine appear to be at high 
est risk for proarrhythmia. Although quinidine is safe 





ction and s free of most rug inter- 


he past, procainamide's shorter plasma 
: ialf-life compared with that of quinidine limited its 
-use in long-term treatment. This problem has been 
"overcome with the development of new long-acting 
formulations. 
. A Disopyramide was introduced in 1977. Its efficacy 
as an antiarrhythmic agent has been proved equal to 
.that of quinidine and procainamide. Disopyramide 
has anticholinergic activity that produces early and 
zenerally minor side effects; however, these effects 
ay be more serious in patients with glaucoma or uri- 
stention. It has a dose-related negative inotropic 
which has resulted in heart failure in certain 
identified clinical situations. Review of pub- 
eports reveals that in almost every case, the 
patient had a history of cardiac or renal failure or 
significant left ventricular dysfunction, or the drug 
was administered intravenously or by way of a load- 
ing-dose schedule. Disopyramide is not associated 
with any major drug interactions. Chronic treatment is 
associated with a low incidence of adverse effects. 
~ Until we discover an antiarrhythmic agent that is 
~ both universally effective and safe, we must strive for 
- optimal use of the agents available. Five new agents 
. have been approved by the Food and Drug Adminis- 
"tration during the past 2 years. These drugs have been 
- well studied and have clear pharmacology, efficacy 
and toxicity profiles. However, many important ques- 
tions concerning these drugs will not be answered un- 
til their use has been evaluated in large numbers of 
patients in various clinical settings. The results of these 
numerous uncontrolled trials will determine whether 
these new agents will replace or simply supplement 
current treatments. Decisions of use are made largely 
on the basis of safety (the only exception being the use 
of amiodarone for high-risk patients with refractory 
life-threatening ventricular arrhythmias, who despite 
the further risk of major toxicities, demand treat- 
ment).!11.112 Standard agents should only be used when 
lack of treatment will not suffice. Newer agents should 
nly be used when the benefit ratio (efficacy to safety] 
iproved, or when these agents have been shown 
niquely effective. Through judicious, objective study, 
ome of these newer agents will come to be considered 
conventional. Our enthusiasm must be tempered by 
the lack of extensive comparative data. 
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Discussion 


Dr. Prystowsky Durham, North Carolina}: Dr. DiBianco, 
iow that in all experimental trials of new drugs at univer- 
ty hospitals, we see a very select group of patients who have 
passed numerous exclusion criteria like early post-MI and 
arly postcardiac surgery. I suspect this eliminates many 
patients who are commonly treated in practice. How does 
is affect “real world” practice? You may have 5 new drugs 
to choose from, but none of them may have been applied to 
e specific clinical situation at hand. Or what about drugs 
at will work for the commonly encountered patient even 
ough they won't work in investigative centers because they 
'e given to an entirely different patient population? Do you 
have some personal perspective on these issues? 


Dr. DiBianco (Takoma Park, Maryland): I think that in 
the "real world" as you call it, you see each of the class IA 
drugs working reasonably well. For example, you see pro- 

iinamide working very well in the short-term for the hospi- 
talized patient and we observe good responses to quinidine 
ind disopyramide. Perhaps this is because we are not always 
ddressing the highest-risk group of patients who often make 
tothe university center, Although efficacy is often compa- 
ble, even in these patients, side effects govern continuance 

f drug treatment. With quinidine, for instance, if the patient 
oes not experience GI side effects and otherwise tolerates 
the drug, it seems to work fairly well, at least in the popula- 
on virgin. to prior antiarrhythmic drugs. In this regard, I 
nk the usefulness of disopyramide has been underesti- 
ted for years. This drug, which has a very favorable side- 
ffect profile, has been held back from patients who have 


had even the slightest suggestion of left: ven 
tion, which I do not think is warranted. ~ 

We have demonstrated that disopyr 
safely in patients with left ventricular dys 
not had heart failure. The lack of hyper 
effects makes disopyramide ideal for chr 
cholinergic side effects of disopyramide 
troublesome, can easily be modified by 
fording even better tolerance by the pati 
by the work from Dr. John Fisher's group 
ly Dr. Sam Teichman. 


Dr. Prystowsky: Drug selection is often 
of side effects. | 


Dr. DiBianco: Yes, that is the prim 
family practitioner. If the physician ha 
with prostatism, he does not introduc 
has a young woman with irritable bow 
quinidine therapy. There has to be some 
a patient population that encourages u 
the other, but we have not yet dane th 
needed to establish a full set of guidel 
would love to see a quality of life stud: 
rhythmic therapy. Such a study might 
who are in the benign or potential 
changes in physical symptoms, emo 
complaints, or sense of well being. Su 
us the true incidence of adverse.effects- 
be so insidious that we do. not even eu rre 
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of antiarrhythmic agents are often 
Jle agents are ineffective, only partly 
o My tolerated. The — and ex- 


linical practice to use a combination of 
agents when treatment with a single 
ntrol an arrhythmia. In most cases, 
cut rationale for the use of such com- 
owever, the different electrophysi- 

of various antiarrhythmic agents sug- 
he combined use of agents whose 
duce different effects on cellular 
studies have also shown that the 
hythmic agents may improve when 

n combination, and that combination 
in the mechanism of the arrhythmia to 

ay to be success ful. 


b — pars Combined EE 
ssoci jated with fewer dose-depen- 
ever, the eodverse a related 


\ jasghanY lios classi- 
dii. is — for — 


ports contain numerous data on the effectivenes: 
various combinations of antiarrhythmic agents, 
cluding combinations of class | agents, the cor 
nation of a class | agent and a G-blocking agent o 
amiodarone, and combinations including a calcium 
antagonist agent. Adverse drug interactions, how 
ever, can occur, and combinations of certain ac 
must be avoided or used with caution. 

(Am J Cardiol 1988;61 :95A-101A 


antiarrhythmic agents are well known and well doeu 
mented* and are not included in this report. — 


Combination Therapy with Class | 
Antiarrhythmic Agents 


Class I antiarrhythmic agents interfere with mem 
brane cell depolarization. These drugs are divided into 
3 subgroups based on their effects on repolarizatio 
(Table 1). The class I antiarrhythmic drugs are be 
lieved to depress conduction in damaged myocardia 
cells and to suppress abnormal automaticity. Althoug! 
few data are available on interactions of class I agen 
used in combination, theoretical and experimenta 
considerations support such use. Furthermore, clinica 
testing has shown certain combinations to be par icu 
larly beneficial. E 

Theoretical and experimental basis: The me 
electrophysiologic effect of the class I antiarrhyth i 
agents is to reduce the maximal rate of depolarizatio: 
without affecting the resting membrane potential. Thi 
activity is believed to result from depression of th e fas 
inward sodium current. The affinity of the antiar 
rhythmic agents for the sodium channel varies accon 
ing to the state of the channel—resting (phase 4), ope 
(phase 0), or inactivated (repolarizing)—and the pari 
ular drug. For example, quinidine binds preferentia 
to open channels, whereas lidocaine and mexilet 
have an equal affinity for both open and ina t 
channels. ‘Tt has. been suggested. tha t comb 





' Diphenylhydantoin 
- Differential effects on repolarization in Purkinje fibers and 
— ventricular muscle 
. . Flecainide 
Encainide 
Cibenzoline 


: Adapted with permission from Singh et al.? 


ent that prolongs the action potential duration with a 
ium channel blocker that possesses a high affinity 
the inactivated channels should theoretically be 

seful. This concept is supported by the study of Clark- 
on and Hondeghem,? who used bupivacaine, a drug 
with a high affini ity for inactivated channels and a slow 

te of recovery, in combination with high-concentra- 

n lidocaine, which also has a high affinity for inacti- 

ted channels. Because of competition between the 2 

ugs, they recorded less sodium channel blockade 

h this combination than with the same concentra- 

n. of bupivacaine alone. 

Aside from the cycle-length-dependent additive ef- 
ects of mexiletine and quinidine on sodium channels, 
hese 2 agents have an antagonistic effect on repolari- 
ation. The latter effect was demonstrated both in ex- 
perimental studies? and clinical investigations. Action 
potential duration is prolonged by quinidine and 
hortened by mexiletine. Similarly, the quinidine-in- 
luced prolongation of the QT interval is limited by 


? Clinical applications: Several studies have demon- 
strated the successful combination of mexiletine with 
¿other class I agents in patients who had failed to re- 
pond to therapy with a single agent. Duff et al? evalu- 
ted the efficacy of treatment with mexiletine and 
¿quinidine alone and in combination in 21 patients with 
-ventricular arrhythmias. All of these patients had ei- 
‘ther failed to respond to treatment with conventional 
intiarrhythmic agents, including quinidine, or had 
yad intolerable side effects. Arrhythmias i in only 3 pa- 
ients were controlled by increasing doses of mexile- 
ne alone (from 300 to 1,200 mg/day) without accom- 

janying adverse effects. One patient with recurrent 
icular fibrillation was excluded from further 

ly. In the remaining 17 patients, the dosage of mex- 


e was reduced to the maximum that was well 


olera ted, and quinidine w as added. — 3 Ecce 
k "Gi : : — Pr RUE iis 1 


dinó — mexiletine.- 


McGovern et al!! reported: the 
dine or procainamide alone faile: 
induced ventricular tachyarrhythmi 
Combination therapy with mexiletir 
or mexiletine and procainamide su 
rhythmia in 28% of the patients. The 
also found that combination therapy 
be effective in patients with sustair 
tachycardia or fibrillation than in tho 
tained ventricular tachycardia. 

Holt et al!? examined selected e 
effects of mexiletine in patients alrea 
I agents for treatment of sustained v 
cardia. They found no change in th 
fractory period or the QRS dura 
cycle length and during ventricular ta 
ever, mexiletine did significantly: 
length of sustained ventricular tach 
that it has a depressent effect o 
circuit. | 

Breithardt et al? conducted a | 
over study in 12 patients to compar 
mexiletine and disopyramide, alone 
tion, in preventing pacing-induced ve 
cardia. The combination was effecti 
patients studied, including 4 in whom 
dia was not prevented by either drug 
tine alone was effective in 5 of 12 pati 
amide in 6 of 12 patients. Two sudder 
among the 7 patients who received 
ment with the combination of disopy 
iletine. In the other 5, this combina 
tachycardia with no evidence of adv 
a follow-up period of 42 + 23 weeks 
combination therapy in whom vent 
was still inducible, the cycle length 
was significantly longer than that s 
drug was given alone. The report of 
the effect of mexiletine alone or in 
other antiarrhythmic agents suggests 
rate with combination therapy. . 

Greenspan et al‘ studied the effec 
tion of mexiletine and a class IA 
procainamide) in 23 patients with 
ventricular tachyarrhythmia tha 
with either a class IA agent or. m 
bination therapy was effective 
which the investigators attri 
tropharmacologic effect oft 


difference in plasma c 


tion therapy. compared 





| in 
di uinidine and there- 
ine concentration. 


Beta-Receptor Blocking 
s | Agents 
C tain clinical settings 8 blockers and 
hythmic agents are frequently com- 
les have evaluated such combinations. 
ie theoretical and experimental data do 
al benefit of combining a 8 blocker 
\ agent. The principal action of 8-block- 
antagonism of the effects of catechol- 
resulting increase in the rate of mem- 
zation as the result of catecholamine 
s the depression of phase 0 of the action 
ed by class I agents. By preventing the 
lamines, 8-blocking drugs enhance 
embrane-stabilizing agents. Animal 
ch considerations.!? 
ports, the most commonly reported 
ocking agent and class IA agent is 
anolol. These drugs represent the 
lass of antiarrhythmic agents. Bekes 
| reduction in atrial fibrillation with 
of agents in 12 of 19 patients who had 
to either drug given alone. Fors et al!? 
ination successfully in 8 of 11 pa- 
r tachycardia unresponsive to the 
t al? achieved similar results in 
21 evaluated the efficacy of pro- 
ion with quinidine or procain- 
hg pacing-induced ventricular 
dnot been suppressed by treatment 
ie (17 patients) or procainamide 
s): Control of tachycardias was 
those receiving propranolol and 
7%) of those receiving proprano- 
Foal (Therapy with propranolol 
ed.) 
ed Holter monitoring and exer- 
| the effectiveness of a 6-block- 
on with a membrane-stabilizing 
malignant ventricular arrhyth- 
s found to enhance arrhyth- 


cantly (Table II). Six patients 


jas were treated with a com- 


id deii in a o by 


ular — Ester- 


: Sa ft 200 to f 


(MSD) in 54 Patients - i a 


Couplets 


Adapted with permission from Hirsowitz et al.?? 
VT = ventricular tachycardia 


creased the heart rate slightly, and the effects 
additive. However, although both drugs prolonged 
PR interval, the effects were subadditive, i.e., less 
the increase in PR interval obtained with each 
alone. The study also demonstrated that the ne 
inotropic effects of both drugs, as assessed by ec 
diography, were additive, and that plasma drug | 
were mildly elevated (<30%]}] by the combinatior 

Sotalol, a recently introduced 8-blocker with 
called class III properties, has been used in com 
tion with a number of membrane-stabilizing a 
The efficacy of oral sotalol in combination with or 
flecainide or propafenone was evaluated in 20 pa 
with complex ventricular extrasystoles that were 
suppressed with intravenous flecainide or propa: 
one alone. The addition of sotalol (320 mg/24 ho 
resulted in suppression of more than 85% of the 
rhythmias in 17 of the 20 patients. 


Amiodarone in Combination with Class | Agen 


Althorgh amiodarone is well established as a 
ly effective antiarrhythmic agent, the high doses: 
ed to control some arrhythmias are associated 
adverse effects. It has been recognized, almost. 
the initial use of the drug for arrhythmia manage: 
that a combination of amiodarone and a class La 
rhythmic agent is effective in some patients in v 
control cannot be achieved with a single agen 
This combination is mentioned in several reports 
the treatment of recurrent or life-threatening ventr 
lar tachyarrhythmias. However, only a small num 
of reports and few scientific data are available to 
port the use of such a combination. | 

Waleffe et al?? evaluated a combination ob. mex 
tine and amiodarone in 9 patients with refractory 
tricular tachycardia. For the first 2 days of treat 
mexiletine (1,000 mg/day) and amiodarone (1,50 
day) were administered intravenously, after which 
oral form (600 mg/ day) was given. This regimen 


trolled tachycardia in all 9 patients. Two of thes 
| tients had; previously been treated unsuccess 





yafenone, ventricular tachycardia w was either not 
ed or was induced at a significantly slower rate. 
ga follow-up period of 17 + 7 months, 6 of the 12 
sed whose tachycardia remained inducible died, 
eas no sudden death occurred among those with 
ninducible tachycardia. 
'he efficacy and safety of amiodarone in combina- 

n: with class I agents was also demonstrated in a 

idy by Hoffman et al?! who reported the successful 

ntrol of resistant ventricular arrhythmia in 9 of 11 
yatients receiving a low dose of amiodarone (200 mg/ 
lay, 5 times per week) and a class I agent (quinidine in 

patients and mexiletine in 7]. 

miodarone i in combination with class I agents may 
be useful in the treatment of refractory atrial fi- 
lation. Brodsky et al? found such combination 
erapy to be successful in 8 of 10 patients in whom 
sl agents or amiodarone used alone failed to main- 
‘sinus rhythm after cardioversion. Follow-up in 
ese patients ranged from 2 to 10 months. Waxman et 
33 noted that use of a class I agent in patients who 
ere partly responsive to amiodarone decreased the 
te of induced ventricular tachycardia. In 9 of 13 such 
tients, a previously ineffective class I agent was able 
0 control spontaneous sustained ventricular tachycar- 
a. Marchlinski et al?* found that amiodarone com- 
ned with a class IA agent (quinidine or procain- 
nide) increased the cycle length but rarely prevented 
he induction of rapid ventricular tachycardia induci- 
le during treatment with amiodarone alone (2 of 17 
atients). 

The combination of amiodarone (1,000 mg loading 
dose and 600 mg/day maintenance dose) and mexile- 
ine (800 mg/day) was also tested in 10 patients with 
supraventricular tachycardia refractory to antiar- 
thythmic therapy including mexiletine and amioda- 
‘one alone. This combination prevented pacing-in- 
duced tachycardia in all 10 patients, who remained 
symptom free over a mean follow-up period of 300 


| Combination therapy with disopyramide and amio- 
arone was used by James et al? in 11 patients with 
'efractory arrhythmias (3 with atrial fibrillation and 8 
Nith ventricular arrhythmia). Control of arrhythmia 
was achieved in 9 patients, and no serious side effects 
occurred during a total summated observation period 
120 months. The increase in the mean QTc interval, 
0:415 to 0.453 second is of interest. This interval 

; greater than 0.50 second in 2 patients. 
Saal et al?” recently reported an increase in quini- 
and procainamide serum levels in patients who 


"ived amindapone: The dose Re gps to main- 


| the ilis IC agente. i 


increase plasma ricca level 
the 2 drugs concomitantly. This incr 
vented by reducing the flecainide dose 
A combination of amiodarone and flec 
by Frank et aj? in 24 patients with vent 
mia, including 19 patients with sustai 
tachycardia refractory to amiodarone 
rhythmia was controlled in 11 patients r 
combination, and a significant slowing of 
was observed in an additional 9 patier 
ment was discontinued in 3 patients be 
widening or neurologic side effects. O: 
followed up for a period of 1 to 3 yea 
rence of slow ventricular tachycardia | 
nide dosage was decreased. Of 7 patie 
for less than 1 year, 4 died from heart fai 
dilated cardiomyopathy, and 1 had a re 
tachycardia. The safety of such a comb 
tients with altered ventricular function | 
determined. 


Combinations with Calcium Channel : 
Blocking Agents : 


Calcium channel blocking — are 
in the management of ischemic heart dise 
reports on their use in combination witl 
blockers in patients with ischemic hea 
vide useful information on the intera 
drugs. 

Verapamil-propranolol: The effi 
nation of intravenous verapamil and 
compared with the efficacy of each d 
14 patients with paroxysmal supra 
cardia.“ Induction of the arrhythm: 
during repetitive electrophysiologic 
tients (50%), whereas the combinati 
rhythmia induction in 6 additional 
currence was noted during follow-up 
pamil and prepranolol. A placebo- 
over study conducted by Yeh et al e 
fectiveness of a combination of sin 
diltiazem (120 mg) and propranolol ( 6i 
nating reentrant paroxysmal junctior 
Spontaneous conversion occurred ir 
treated with the combination, compa 
15 in the placebo group. Mild hypote 
ness developec i in 4 patients. Secork 
tricular block in 1 patient and brady 
node dysfunction in another p 
need for caution in the use o; 

The effects cf verapamil 
in combination were stud 


patients with repetitive 
| Se Tachycard 
-milin all 3 ants ant 
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on That tthe combination of a 


| brieda the stimulation threshold for 


of: a second antiarrhythmic agent to a 
.can produce various types of inter- 
n drug pharmacokinetics and phar- 
ay alter absorption; metabolism and 
rst agent. For example, serum quini- 

ations are reduced when phenytoin is 

erum quinidine and procainamide lev- 

ring amiodarone therapy.?739 As men- 

sly, dosage modifications may be re- 
hese effects. 

erapy may also be associated with 

or hemodynamic toxicity.t8-54 As 

electrophysiologic toxicity may oc- 

ombination therapy with verapa- 

ol or amiodarone and propranolol 

ctof these drugs on sinus automatic- 

icular conduction. Such combina- 

u : eg aie the ventricular rate 


aL a — with aiit sinus 
1e use of class I agents in associa- 
0 amiodarone may be associated 
atic bradycardia. The combina- 
opranolol may be hazardous, 
1otropic and bradycardiac ef- 
additive. Hypotension and 
yorted with this combina- 
yation of verapamil or dil- 
would be used cautiously, 

ored closely. 
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Discussion 


AcGovern: We have been looking at the combination 

iletine with class IA drugs for some years; recently we 
examined overall survival in patients who were discharged 
on mexiletine alone or in combination with class IA drugs. 
While this is not a controlled study, we looked at a large 
number of patients, and the survival curves are diverging 
narkedly, such that the patients treated with a combination 
of drugs have a better arrhythmia-free survival rate than 
patients treated with mexiletine alone. Most of these pa- 
ats’ arrhythmias are suppressed when they go home. I 

w there are biases that one could read into such an analy- 

s, but it may be worth other investigators looking at the data 

i aluate the effect on survival of combination drug thera- 
treatment with a single agent. This pattern may be 
table to the fact that in combination therapy, each 
— at a t wer s dose. Ine ——— decrease in 
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other information? we are Hearings is that there is very 
rationale for the drug combinations we've used t 5 


- 


lidocaine versus nte 


Dr. — Tl hat is related to their — affinity 


osp me ato our experience with hike combina- 





more serious ven- 
cardiac death. Be- 


— or noninvasive means. 
—— 2* ly to. 


left ventricular dys- 
3 and the relative — of these condi- 


Look like the innocent flower, Cenone raie 
but be the serpent under it. 
—Shakespeare, Macbeth, I.V. 65-66 


jim with symptomatic nonsustained ventricu- 





art disease and ileft ve patel: 
ve an i increased risk of sudden cardi- 


tients. —— et al?9 Po — ai wa 
only a minimal correlation between the rate of 


me patients VT-NS may actually trigger same patient, but that the more frequent the ep 
sustained ventricular tachycardia or ven- — of ventricular tachycardia, the more marked w 
| variability in tachycardia rate. Thus, it is not sur) 


a — that i is drca of spans 


s arrhythmias. In this instance, there 
Disease 
LV c ER 


Potential Risks Minimal 


ing ambulatory sand for SCD 
r Which sometimes resemble —— 


intermediate risk group (middle columns) there is a gradation 
risks for the development of malignant ventricular arrhythmia 
proceeds from lefi to right. Light area on left indicates least ri 
right, greatest risk. LV = left ventricle; PVCs = premature ventrict 
lar complexes; SCD = sudden cardiac death; VF = ventric i 
fibrillation; VT-NS = nonsustained ventricular tachycardia; VT-S 
sustained ventricular tachycardia. Cu 


850589 F 


ned ventricular tachyear- E H HEE 
v ricutar f- 
: | — et RENEE 
— pM SF GE SEE AE LH ee eee eee 
— ni HBIIB'IMPISNTEIISE Rees | 
Herr MENESES ate 
DEN FERETRIUS E GR B GE 


G FORTER du Pitt anne Koens kan 
Š Eni Esses is IES Cmte RH: 
canes NAR Xs DEM ABE HE er 


—— CE MN —— —** |n Moneta NDER —“* —— mesen Voran ne * ——— — 
—— dd PRES THE BEE — KNURS MORES EOS ERGON Bede rho. 
H Fe goers — — — nests bed Meer —— — nace 
x 


El niu il ma 4 
cunts — — RRA V FED iE MAATE ADOS ERR, SRC QA. Jedes RAE Ware Ra 
IUE REL K Rae eS — —— —— races ——— pretinm —— ENS Coe 
cce ae geal Sate canst ees EE D Eee m 
jocis PROS OLS DEO A — pps iia —— — —— Sea's San oan wees 


tn —— —— greet reper bere dentro AFEERI FAM? 
SORE Te defit RES Sono based PERUS Quedan GR — E eR St ER —— — CSE Siva PR de od 
Ge SER am REE Bes EHO OBES EOS AREA O PR TRPI s dca GRE AEE di ds kad ride SEES Edo oe NS EASA ndi Ade 
*okgessesedsy Herts DERE DARE DUDA KE RII BEERA PRR REE eR Meet: 
— CAGA Th EENIINI IE MUI ——— HOMO S. RPNE) AEREE UE AEREE Up MANNIDAU — 


Te DH eee 
e n EEEE | Sigs dias scresess 
$ 
gui Qd bud id Geese ee Li geg PaRI RIMS ea 
d AS Hane e 


Dos — — R E E GARA EP 

dde erg Sees payee fies 

——— Gaai MERER PORER BRIE ts cd dd 
added edd d dde deir ddot dsl diede dob dod AQ. 





IGURE 4. Artifact resembling ventricular flutter/ventricular fibrilla- 
Tracings from top to bottom are electrocardiographic leads |, Il, 
Ill and V, and intracardiac tracings from the high right atrium (HRA), 
His bundle electrogram (HBE) and right ventricle (RV). The patient 
is in normal sinus rhythm as demonstrated by the intracardiac 
tracings. During this time the electrocardiographic patient cable 
-was shaken, and the resulting pattern was an artifact resembling an 
arrhythmia. 


patient population in which it occurs is prognostically 


The prognostic implications of ventricular arrhyth- 
mias in patients undergoing cardiac catheterization for 
ispected coronary artery disease have been evaluat- 
d by Califf et al.” Using a modified Lown grading 
ystem, these investigators noted that the severity of 
ventricular arrhythmias was closely associated with 
the extent of coronary artery disease and left ventricu- 
lar dysfunction. For example, 71% of patients who had 
nonsustained ventricular tachycardia had a left ven- 
tricular ejection fraction of <40%, and 16% of patients 
with an ejection fraction of <40% had —— 
achycardia. Patients who had more severe ventricular 
arrhythmias had a decreased survival rate during a 2- 
year VESTRE period. However, when all of the infor- 
ation from cardiac catheterization was included, the 
entricular arrhythmia score no longer added signifi- 
nt prognostic information. However, these data do 
negate the possibility that antiarrhythmic therapy 
ght ae — cardiac death i in some e of these 
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will remain as velis lular a 
death from arrhythmia in — 
larization, 


death and overall mortality are hig 
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FIGURE 5. Time from initiation of antiarrhythmic therapy to dete 
nation of efficacy. Pharmacokinetics vary among patients and t 
values listed are approximations for most people. The unfilled 

tion of the bar Is the minimal time and the cross-hatched p 
represents the maximal time for each drug dose given. Our current 
approach to amiodarone therapy is to use loading doses of 
mg/day for 7 to 10 days. 


TABLE! Asymptomatic Patient Subgroups with Nonsustal 
Ventricular Tachycardia 


Physician Worry 
Clinical Situation index for SCD 


No heart disease Minimal 

Mitral valve prolapse Minimal to low | 
CAD; LV function good Low to moderate ` 
CAD, DC; LV function poor Moderate to high . 
Hypertrophic cardiomyopathy Moderate to high. 


CAD = coronary artery disease; DC = dilated cardiomyopathy; LV = left 
ventricular; SCD = sudden cardiac death. : 


TABLE | Approach to. Asymptomatic Patients with Nonsustal 
Ventricular Tachycardia 


initial tests . 
LV ejection fraction determination 
_ 24-hour electrocardiographic recording - 
— — electrocardiogram 





s induced by this test or "if patients have induction 
entricular fibrillation using only 1 or 2 ventricular 
xtrastimuli. Antiarrhythmic therapy for each patient 
subgroup is guided by serial electrophysiologic testing. 
Because benefit of treatment remains uncertain, "ag- 
Iressive" therapy with amiodarone, surgery, or im- 
planted devices is not undertaken. In essence, we at- 
tempt to identify a drug that prevents induction of the 
sustained ventricular arrhythmia during serial drug 
testing. When no drug prevents inducibility, we choose 
he agent that has seemingly provided the most benefit 
to the patient judged by the degree of spontaneous 
irrhythmia suppression, and changes in the rate of 
1duced ventricular tachycardia and mode of ventric- 
ilar tachycardia initiation during drug therapy com- 
ared with control. In patients with nonischemic 
sardiomyopathy and noninducibility of ventricular 
achycardia, treatment is not precluded by the lack of 
an induced sustained ventricular tachycardia, because 
sensitivity for initiation of tachycardia in these patients 
is less than for patients with coronary artery disease.® 
Whether this aproach is useful in patients with asymp- 
‘tomatic VT-NS will only be proved with time. As new 
data become available, a more definitive strategy can 
be formulated. 
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General Discussion ll 


` Dr. Prystowsky (Durham, North Carolina): 1 am going to 
ike the Chairman's prerogative and ask some questions on 
orsades de pointes that have puzzled me for years. I'd like to 
sk Dr. Lazzara what he thinks is the mechanism of torsade, 
nd Dr. Woosley for his thoughts on why quinidine, unrelat- 
dto a selection bias of patients, might be more likely to be 
ssociated with torsade than some of the other type IA 
gents. Quinidine is often the first antiarrhythmic drug pre- 
ribed for a patient and if torsade occurs often the physician 
yy not use another drug; this may be why we see so much 
orsade with quinidine, The other explanation is that there is 
mething specific about quinidine that promotes the occur- 
ence of torsades de pointes. Dr. Zipes, would you address 
the issue of why pacing works to suppress or to prevent the 
episode of torsade? Dr. Lazzara, would you begin? 


^ Dr. Lazzara (Oklahoma City, Oklahoma): Some of my 
colleagues and I have speculated that torsade has a different 
mechanism from the one traditionally given, which was a 
dispersion of refractoriness. We think that it is actually due to 
afterdepolarizations of the general type that Paul Cranefield 
called early afterdepolarizations, at least with drug-induced 
torsade. We also think a blockage of the potassium channel is 
involved, but our understanding is in a very primitive stage. 
However, it seems that a syndrome very much like it can be 
generated in experimental animals with a fairly pure potas- 
sium channel blocker, cesium. I say fairly pure because it 
does other things as well. And then the drugs that appear to 
do this clinically appear to have in common this effect of 
being not only sodium channel blockers, but also potassium 
Channel blockers. Our opinion is that torsade tends to occur 
in certain patients with predisposition for the condition, per- 
aps because of some characteristic about their channels, 
nd that there is a high crossover rate. A patient who devel- 
ps torsade with quinidine will get it with procainamide and 
vith disopyramide. We have done some experiments in this 
ea. The test occurred at the lower doses where the sodium 
annel effects may not yet be very significant and the potas- 
ium channel effects might be more so. And as you actually 
Taise the dose, you can suppress the phenomenon, at least in 
ertain experimental situations. 


Dr. Prystowsky: Dr. Woosley, is there anything about 
uinidine or its metabolites, per se, that you think would be 
e. pr one to precipitating torsade? 


V oosley (Nashvi lle, rendi For the reasons dis- 


potassium concentration appeared to be si 
also what we see clinically in patients wl 
These patients commonly have bradycai 
mia as well as very low concentrations of q 
tions that most often exist early in therapy. d 
trations, quinidine is not a potent sodium c] 
and is more likely inhibiting another type C 
bly potassium. The difference between‘ qu 
antiarrhythmic agents, for example procai 
other agents inhibit sodium channels at low 
and do not have quinidine's effect on pota 
The QT-prolonging effects seen with proc 
are due, I believe, to N-acetylprocaina 
those individuals who are rapid acetylato 
Thus, procainamide differs from quinidi 
nism of QT prolongation. In the case of d 
enantiomers (R and S) are present, wh 
effects on the duration of the action po t 
afterdepolarizations may not be associated 
mide therapy because it contains its ow 


Dr. Prystowsky: Early afterdepolarizé 
suppressed with rapid pacing. Dr. Zipe 
press torsade with pacing? 


Dr. Zipes (Indianapolis, Indiana]: 
zara is correct, that they are EADs or 
increasing the pacing rate suppresses | 
the delayed afterdepolarizations (D. 
amplitude and shorten in coupling: 
creased. However, abnormal or disp 
excitability is present. I do not know w 
in the development of the arrhythm 


Dr. Prystowsky: Therefore, if i 


think it would suppress dispersion 


Dr. Zipes: Presumably, as yo 
rate, you would shorten refractor 
fibers with longer refractory peri 
rations might shorten more tha 
tion potential duration? 


Dr. Rosen (New York, Ne " 
done in the 1960s or 1970s sl 
sion is enhanced in the. norm 





ere ace aera patients where only ventric- 
‘suppress torsades de pointes. 
fy ideas on this are purely speculative. Cer- 
sequences promulgate reentry, while others 
anging the activation sequence may prevent 
Ops. Atrial pacing may be effective in some 
e of the contribution of atrial systole to over- 
mics. Also, EADs may contribute to the activa- 


m glad Dr. Zipes brought in this level of 
ecause I want to address the fact that proba- 
t that we see on the ECG as torsade has a 
es. Following the work of Dr. Lazzara's 
Dr. Dan Rodin studied the effects of 
ated tissue. He was able to show, at low 
ice prolongation of repolarization and 
ations in isolated tissue. He then studied 

mic dogs, and gave them quinidine, but they 
de. We did the same thing at Columbia 

cof success with quinidine alone, and 

or that matter. We saw prolongation of 

o torsade. One additional element had 
ition of repolarization; this has a mini- 

pic impulse initiation, as opposed to the 
orsade investigators such as Andy Witt and 
'orking with infarct models and show- 

case it is not a matter of 2 foci that are 

er modulating one another's automatic- 

0 induce torsade, but rather a moving 

block to and from that site of infarc- 

sting of the pointes that are seen elec- 


er Yorks We have noticed that in 


— can m SQ. very 


ji e Diana Kunze d aihen have shown ib p 


" slow ‘the heart rate in the normal heart, the extracelh 
‘potassium is reduced, and that as you speed the heart rate 


rises. Moreover, as extracellular potassium rises, potassium 
repolarizing current increases and repolarization is. 
hanced. These phenomena, along with calcium accu 

tion in cells, probably constitute the mechanism for haste 
ing repolarization at higher heart rates. With pacing one 
accomplishes both of those things, increasing extracell 
potassium and perhaps increasing cytosolic calcium, both 
which enhance repolarizing currents. So there is a basis fo: 
that and what has been known from other data. 


Dr. Woosley: I think Dr. Rosen's observations are impi 
tant and may bridge the gap between clinical and resea 
findings. The geometry of having 2 different foci activate 
with aconitine may be mimicked clinically by differences 
sympathetic stimulation. This may produce the geome 
aspect, and with the addition of the early afterdepolariz 
tions, the circuit is enabled. 


Dr. Levy (Marseilles, France]: I have a comment on the 
patients with drug-induced torsade. I think we have 2 group 
of patients; 1 includes those patients in whom we have a 
number of predisposing factors for torsade. They have bee 
studied in France lately by a collaborative study. We found 
age to be 1 important factor; generally it is the elderly patient 
who is more vulnerable. Second, most patients who develop 
torsade are on diuretics, as Dr. Fisher mentioned. The third 
factor is LV function, and the fourth factor is combination 
therapy. In some patients, for whatever reason, maybe they 
have long QT syndrome with normal QT, the conditionis not 
dose-related. We have seen patients who developed tor 
sades de pointes after a single dose of amiodarone. We have 
2 patients who developed torsades de pointes during thi 
loading dose and so probably there is some type of idiosyn- 
cracy for developing torsades de pointes in some patients, 
and in other patients a combination of factors is responsible. 


Dr. Woosley: Up to now, I have been considering disper- 
sion of repolarization as a cause of proarrhythmia. It is also 
possible that proarrhythmic effects of drugs having class IC 
action might be explained by their differential effects on 
atrial and ventricular tissue. 


Dr. Lazzara: I'd like to ask a question if I may. Dr, Pr 5 
towsky, would you review your criteria again for the sele 
tion of study patients with nonsustained VT seen on Holt ; 


Dr. Prystowsky: This is a difficult and confusing: situation 
where certain subgroups of asymptomatic patients are at 
relatively high risk to develop life-threatening ventricular 
arrhythmias, yet few data are available to show antiarrhyth. 
mic therapy prevents these sustained arrhythmias. I want 
stress that the e I — is my own, based on 


I would be: intere fe 





a to hard. purses studies c on | patients 

with symptomatic nonsustained VT. I reemphasize that the 

i:bove is a general guideline, and that each patient has to be 
aluated separately. 


Dr. Levy: We did a similar study to that of Gomes and 
olleagues, and we were unable to confirm his results. Actu- 
ally, we had the same percentage of patients who were in- 
-ducible, and in our mean follow-up of 1 year we found only 2 
-deaths in the group that were not inducible. There were no 
deaths among the patients who were inducible. I think the 
type of study we should do in order to justify this attitude is to 
induce the patients and let them receive no treatment, even 
“they are inducible, or randomize them into treated and 
I groups. 


| Dr. Prystowksy: I agree with you completely. In the Unit- 
States it is difficult to do a study that involves risk to the 
tient with no potential for therapy. However, randomizing 
patients into treatment and no treatment groups appears 
reasonable. 


Dr. Klein: You said that you consider VF induced with 3 
extrastimuli to be nonspecific, and I think most of us would 
agree. What about those induced with 1 or 2 stimuli? Would 
you use it as an endpoint and chase it, or would you still 
regard it as nonspecific? I heard Dr. Green talk recently 
about using VF as an endpoint, and I found that intriguing. 


Dr. Prystowsky: Although I know a lot of other people 
would not, I may use VF as an endpoint if it is induced with 1 
-or 2 extrastimuli. In my experience, it is rare to induce VF 
"with 1 extrastimulus. I should have added that we do not 
know the significance of inducible VF in patients without a 
history of VF. 


|. Dr. Greene: We have found that patients with a history of 
ventricular fibrillation more commonly have ventricular fi- 
-brillation induced at electrophysiologic study than patients 
with recurrent sustained veritricular tachycardia. Up to dou- 
ble extrastimuli at baseline in 1 collaborative study of VF 
patients induced VF in 15 of 196 patients (that is, 8%) or in 15 
-of 112 patients who were inducible (that is, 13% of all induci- 
. ble patients). In another study, we evaluated 32 VF patients 
in whom VF was the only rhythm induced. It was induced by 
1 extrástimulus in 12 patients (38%), 4 extrastimuli in 1 pa- 
tient (3%) and by rapid ventricular pacing in 3 patients (9%). 
Even with treatment, arrhythmia-free survival was only 75% 
at 2 fear, so these patients a are indeed at od nt and we 


a ed i i in diee with a istry o of VF. I agree with Dr. 


a very nonspecific index of any poten: 
We have very few data to justify electro 


ter and esophageal study and look at t 


fibrillation so at least we can reassur 
slow ventricular response to atrial fib: 

a very valid point. In the absence of d 
just has to follow their individual philosor 


Dr. Prystowsky: Beyond that advice 
mend to the doctor who is in Vancouv 
with this question? 
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rapid ventricular response, no AVRT. So it is obvious 


when they finally do get atrial fibrillation, as common 
e found to have rapid conduction of their happens, that could be the last one. Another is a young man 
y during a study. who was perfectly well, no AVRT, got his atrial fibrillation 
o after a 15-beer binge. He promptly had cardiac arrest in th 
lab. He went very fast during atrial fibrillation, but we coulc 
poc MM not get AVRT. Our task is to pick the needle out of the 
be found to haystack. I think we all have to accept the fact that we are 
bii t ao looking for these patients to screen, but ifIm — 57/78 to treat a lot of people we do n kave the probiem 
sstion then I try to get some functional informa- Dr. Lazzara: In your experience with patients undergoing. 
| catastrophic arrhythmias, Wolff-Parkinson-White syn- 
drome, and ventricular fibrillation, what fraction did: not 
actually have a history of palpitations or documented 


nL i AVRT? 
y: Dr. Gallagher, since we think that many | J | 
fibrillation are secondary to atrioventricu- Dr. Gallagher: About 12%. E 
, if somebody has, with an esophageal Dr. Klein: I believe it was 3 patients out of the original 24 


Dr. Gallagher: The question of reciprocating tachycardia 
presents a certain problem. Patients with rapidly conducting 
pathways in the anterograde direction are difficult to induce 
from the atrium (or by esophageal pacing). To fully answer 
this question, a ventricular pacing site would be necessary 


ave AVRT induced? It is conceivable that 
f they have normal atria they are probably 


ances of developing a life-threatening ar- 
aordinarily low and you could counsel Dr. Lazzara: | agree. : 
Dr. Gallagher: In the case of stress-induced atrial fibrilla 
tion, I am not so sure that the role of the intermediary rhythm 


of AVRT is quite so important. 


tion. 1 think that atrial vulnerability though I usually do not recommend study of asymptomatic 
stained atrial fibrillation in the labis patients with Wolff-Parkinson-White syndrome who have 
| no evidence of heart disease and a benign family history, 


tions for certain occupations or individuals concerned about 
participating in competitive sports. 
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^. Prominent among the early investigators of the 
mechanisms of arrhythmias were Katz and Pick.! 

orking in collaboration with Richard Langendorf in 
the 1930s and 1940s, these 2 researchers developed 
hypotheses on the mechanism responsible for cardiac 
arrhythmias, based solely on the electrocardiogram 
and the anatomy of the heart. Significantly, physiolog- 
ic observations that came in the subsequent 30 years 
corroborated most of their hypotheses. 

. In their book Electrophysiology of the Heart based 
on research conducted in the 1950s, Hoffman and 
Cranefield? present an encyclopedic description of the 
-electrophysiology of the heart. Their findings were 
: ased iu ees on intracellular and extracellular 


us both the hey è and diseased human heart. 


techniques in the operating room it 
chell and Durrer, and the first s 
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solated, purified, cloned determine selectivity for the agonist and à few o 
omponents of the cel inside of the membrane seem to determine the uniq 
d at a molecular level and character- character of the internal message. Iu 
— Thus, molecular biology is coming to cardiolo 


iese: proteins comprises the channel re- Fh 
oltage-dependent sodium conductance area of research has important implications for o 
2 understanding of the mechanisms of arrhythmias, an 
reinserted into artificial membranes specifically for learning more about the roles of pha; 
tions can be studied in isolation from macology and hereditary disorders in inducing a 
à rhythmias. US 
My next point is best illustrated by 2 questions 


garding the mechanisms of arrhythmia from furtl 
studies of single cardiac cells vs studies focused on 
connections between cells? Second, will we gain ac 


gating functions that have been long hy- 

e are learning how drugs bind to this 

ow they regulate the channel and pro- 
ophysiologic effects. 

ast year, several ligands have been devel- 


of fiber orientation. Recently, considerable interest 
ent months, chemical mutations of has developed in this phenomenon and its implica- 
e for at least 3 separate potassium tions to disturbances of cardiac rhythm. E! 
[5 j ‘osoph A recent publication by Spach focused on propaga 
t DNA techniques, thereby causing 
ium channels. 
mbrane protein is the acetylcholine 


e protein, have been purified, cloned 
e now understand the molecular 
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ells. These gap junctions are 
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tielectrode for constructing Isochronous and isopotential cavity 
maps. (Reprinted with permission from Taccardi et al. ?) 


is the chance that drugs might exert their influen 
because of an action on junctional proteins, rathe 
than or in addition to whatever actions they might have 
on membrane components other than at the junctional 
zone? E 
As Spach observed, as a result of anisotropy it is 
possible to induce return extrasystoles in preparations. 
of muscle, at branch points and at the Purkinje muscle 
junction, which in many ways are analogous to reentr 
within the AV node or in the Wolff-Parkinson-White 
syndrome. I entered the field of electrophysiology in 
1961 when I spent a summer studying the effects of 
sympathetic and parasympathetic nerve stimulation 
on propagation in the heart. Purely by serendipity I 
noted during vagal stimulation, atrial return extrasys- 
toles or echoes resulting from reentry within the AV 
node. Much of what we have learned about reentrant 
excitation in the AV node and in the Wolff-Parkinson- 
White syndrome now appears open to similar inter- 
pretation regarding reentrant excitation within atrial 
musculature or the ventricles. The general theme is 
that structure begets function. Once we can define the 
structure responsible for reentrant excitation, the door. 
is open to further studies that might provide a logical 5: 
basis for therapy. I believe that an understanding of. 


these junctions are made up of channel proteins, wl 


egal of membrane proteins and gap junctions repre- 
sents the new horizon for a — "eg 


rends — sinus rhy E — ers 
premature beats. The theoretical 1 basis fo 





n NN 


oe ves Pose ctione or Te with | 
or with laser energy. — 2 arrhythmias. 


edades 


, Pn 


lsat in The Lisci to dris embrace” 

¿function at the level of single proteins that can be 3 
isolated, purified, cloned and sequenced provides an | J hannels e 
extraordinary opportunity. In retrospect, in terms of / 

‘their understanding of arrhythmias, even Hoffman 

nd C Cranefield were on the outside looking in. 


d UE rec iei and n d with rho — À ature 
10. Spach MS, The discontinuous nature of electrical p 
muscle. Ann Biomed Eng 1983;11:209-261. 


12. Taccardi B, Arisi G, Macchi E, Baruffi S, Spar 


probe for detecting the site of origin of ectopic vei 
cardiac cycle. Circulation 1987;75:272-281.. - 
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Introduction 


JAMES J. MORRIS, Jr., 


9 everal years ago, when silent ischemia was a newly 
developing area of medical interest, the questions 
posed as attempts were made to describe and define it 
generated uncertain answers and obvious indications 
for further research. Today, to ask those same ques- 
tions promotes the somewhat gratifying realization 
that our understanding of this entity has increased 
considerably. The answers that can be given today are 
a good indication of current thinking on the topic of 
silent ischemia. 

Is silent ischemia a real phenomenon? The exis- 
tence of silent ischemia is no longer debatable. Hemo- 
dynamic, metabolic and functional abnormalities 
have been shown to occur with transient electrocar- 
diographic ST-segment changes, with or without pain. 

In addition, recognition of the existence of silent 
ischemia has expanded to include the entire clinical 
spectrum of coronary artery disease. Silent myocardial 
infarction is real and frequent, occurring in approxi- 
mately 20% of patients in this disease group. Investiga- 
tion has shown that silent ischemia is a form of ische- 
mic cardiomyopathy and can result in the clinical 
syndrome of congestive heart failure. Preliminary data 
raise the possibility of an association between silent 
ischemia and sudden cardiac death. 

How frequently does silent ischemia occur? A rea- 
sonably accurate estimate of the incidence of silent 
ischemia can be derived from published scientific 
reports. The Framingham study revealed that silent 
infarctions account for 20% to 30% of myocardial in- 
farctions in a community, as observed prospectively. 
The incidence figures from studies of anginal syn- 
dromes— preinfarction angina, classic Heberden's an- 
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gina, Prinzmetal's angina, and mixed (or Maseri's) an- 
gina—consistently show that silent ischemic episodes 
occur in each of these populations. The incidence of 
silent episodes varies, from 60% to 95%, but on the 
average, about 80% of ischemic episodes in patients 
with the various forms of angina are silent. The inci- 
dence of silent ischemia in the normal population, in- 
cluding people with multiple risk factors, is not known 
with certainty. 

What is the mechanism of silent ischemia? The 
observation that ischemic episodes can occur without 
any apparent relation to increased myocardial oxygen 
demand has caused a rethinking of the entire issue of 
pathogenesis of ischemia, be it transient or permanent. 
Almost by definition, most episodes of silent ischemia 
occur at rest. They develop without changes in the 
determinants (increased heart rate, blood pressure or 
physical activity) that would normally be associated 
with increased myocardial oxygen need, or “demand” 
type ischemia. Most myocardial infarctions also occur 
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i's observ 


ogic vasospasm. This model was reproduced in 
aboratory, with infusion of ergotamine and induc- 
f spontaneous supply type ischemia. 
re recently, findings from animal studies and 
oscopic studies in humans have revealed the 
ice of unstable plaques with adherent platelet 
bi that may act as transient obstructive lesions 
g intermittent ischemic episodes. Such plaques 
ause ischemia not only mechanically but also 
lu ing the biochemical mediators of ischemia. 
lata from animal and human studies show 
oactive peptides (in particular, serotonin and 
iboxane) emanate from the coronary circulation 
ing transient ischemic episodes. Thus, pathologic 
motor changes taking place in an affected vessel 
ear to be an important mechanism in ischemia, 
that is very different from the frank shutting down 
| artery, as in Prinzmetal's angina. Vasomotor 
omena are transient and unrelated to demand- 
d ischemia. The identification of alternative 
anisms in ischemic episodes is an area of active 


lent ischemia important? One clear conclusion 
> Framingham study was that a person with an 


gnized myocardial infarction carries exactly 


e risk for increased mortality over the next 
years, and the same increased risk for cardio- 
ar events (stroke, angina pectoris and congestive 
ilure), as a person with known myocardial in- 
n. The absence of pain in myocardial infarction 
's to make no difference in the subsequent inci- 
of. morbidity and mortality. 
udies in patients with unstable angina and persis- 
schemia after infarction have demonstrated that 


10% of ischemic episodes in these patients are silent. 


se people have a high rate of cardiovascular events 
e first month and first year postinfarction. Results 
m many studies suggest that postinfarction patients 
have reversible ischemia, most of which is silent, 
monstrated by Holter monitoring, treadmill tests 
onuclear study, have an increased incidence of 
ity and mortality. 
re are even reasonably good data suggesting 
»lopment of an asymptomatic, positive tread- 
n a person with a previously normal test 
;reased risk for cardiac events and death. To 
ever, these associations are more conclusive 
onary disease e population than in the "nor- 


| tions ; brought about the i 
nge in this concept, introducing the idea of 


— in the normal  populatiot 
risk group) requires measurements in 


terations. These techniques would in 
scans, focal wall motion abnormality st 
gated acquisition scan or even cathete 
What is meant by "silent"? The p pr 
definition of ischemia as "silent" is one 
One must decide what is silent and wl 
Usually the "silent" refers to the patien 
sidered silent because he does not exp 
There are instances, however, in v 
artery disease has been documented in | 
arteriography, but subsequent radionucle 
thallium scan reveals a local, reversible phe 
occurring with no pain and no electrocar 
changes. In this instance, the ischemia is al 
the electrocardiographer. È 
How is silent ischemia treated? Becaus 
chemia is by definition unrecognized by t] 
any treatment must be evaluated in terms « 
on morbidity and mortality. Although one. 
tively believe that such treatment would b 
no firm data exist atthis time supporting th. 
reversing silent ischemia changes morbidi 
ity. To prove, or disprove, this relation wi 
portant area of study in the years ahead. 
Thus far, investigations with 8 block: 
channel blockers and nitroglycerin show the 
agents have variable effects on silent ischemi 
reduce it and some do not. Similarly, attempts 
fying primary risk factors (blood pressure, sm 
reduce the incidence of silent ischemia ha 
only preliminary results, but they have bee 
The realization that other mechanisms 
the classic model of obstructive coronary. d 
operating in the ischemic reaction has o 
avenues for therapeutic. intervention. Gen 
ing agents (influencing coronary vasomo 
blockers (against vasomotion), and thror 
serotonin blockers or inhibitors may join tk 
cal and surgical interventions coment). 
treating myocardial ischemia. : 


Comments 


Present investigations in the detecti 
ment of silent ischemia are still experim 
not be considered common: practice 
greatest hope is that continued i inve 
ischemia will contribute to our kno 
ral sae a and Mines of coro 
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PETER F. COHN, MD 


ot f asymptomatic silent ischemia relies 
| ‘cise screening procedures in (1) se- 
atient subgroups with increased likelihood of 
latent coronary artery disease and (2) pa- 
er infarction with uncomplicated courses. 
in these patients varies, depending on the 
ent of disease and left ventricular dysfunction. 


have previously characterized patients with si- 
cardial ischemia into 3 groups: Type 1 patients 
asymptomatic; Type 2 patients have had a 
vocardial infarction but are now asymptomatic; 
pe 3 patients have both angina and silent myo- 
ischemia.! The detection of silent myocardial 
ia in Type 1 and Type 2 patients, which is the 
ject of this report, relies mainly on exercise testing, 
jlter monitoring used as a complementary pro- 
to provide additional data on the frequency 

ev M of the ischemic reo 


t matic A siia S lo have not ques dei 
iry arteriography. Because of the lack of angio- 
ta, these studies suggest that silent myocar- 
iie i is responsible for the adverse prognosis, 


ud s is from the University of Washington. 3 
st recent studies are from the Multiple Risk 
tervention Trial? and the Lipid Research 
d de In the latter 2 studies, persons with a 

DS : , Significantly higher risk 


The worst prognosis is found in patients t 
infarctions, 3-vessel disease and | xe 
erance. Prognosis is excellent in totall 
atic patients with only 1-vessel disease 
ventricular function. 


(Am J Cardiol id 


Data in patients who have angiograpl 
firmed silent myocardial ischemia are more di 
collect because physicians are natural 
submit totally asymptomatic persons ti 
dangerous i invasive procedure. One of th« 
in the United States that has provided a 
subjects comes from the United Sta 
School of Aerospace Medicine in San A 
Cardiac catheterization was performed o 
atic airmen with abnormal treadmill tes 
myocardial ischemia was found in 2.44 
population, resulting in detection of 78 
airmen with significant coronary artery 
with 12 other airmen with minimal cor 
disease, this subgroup was followed for se 
for evaluation of those factors influencing 

In 1980, Hickman et al? reported follov 
these airmen. They found that 22 of the 78 
significant disease (more than 50% lumin 
had overt signs of coronary artery disease | 
myocardial infarction, death) within a t 


monde and do men ranged i in age from 
Of the 22 men RAN A coron nary 


ly. In dum fo the 29, 6 — 
later time — time ich H 





otigest follow-up i in a this M of — 

Oslo, Norway, by Erikssen and Thau- 

arge cohort of men aged 40 to 59 years 

int a comprehensive cardiovascular 

m 1972 to 1975, 69 were identified as hav- 
ant coronary artery disease, 18 with 1-ves- 
25 with 2-vessel disease and 26 with 3- 
se. Fifty of the 69 men were unequivocally 
to have asymptomatic coronary artery dis- 
ther 19, it was questionable whether mild 


ear follow-up period, 3 of the 50 asymp- 
ad died from cardiac disease and 7 had 
ardial infarction (2 of the infarctions were 
| other men had. angina pectoris and 27 
g of their exercise electrocardiogram. 
graphy was performed in 24 patients; 23 
of their condition and 11 underwent 
ass surgery. Most important, a total of 28 
o) either died, had a myocardial infarc- 
ina, or showed progression of their condi- 
ary angiography. The total mortality was 
-per year, but this figure may have been 
he 11 men sent for coronary artery bypass 
‘ical events were. observed. mostly in men 
ssel disease. In compiling data at 12 years, 
tigators now find that 5 of the patients in the 
vessel disease have died, as have 6 in the 
-y ssel disease (Erikssen J, personal com- 
This. results i in a 3% Po year mortality 
tter group. - 
we performed Holter monitorias to pro- 
ial data on silent myocardial ischemia in 
c persons, because there has been little 
ublished reports about its occurrence during 
n these persons. Specifically, we document- 
oquency of silent ischemic episodes during 
ital activities. in 10 asymptomatic patients 


Nn coronary anteny disease studied in our 


of tlie study was to determine if silent 


ischemia in these patients was only an ex- 


lated phenomenon or if it was also related 
ital activity, as documented by 48-hour 
Sle ie tna recordings We were 
Lin 


ing was performed with a Del Mar Avi 
channel recorder, which has a frequency. 

0.05 to 100 Hz, meeting the American Heart. 
tion's specifications for heart rate and ST-se 
changes. In our laboratory this system has beer 
for reliability of the method of Tzivoni et al Pin 
conventional 12-lead electrocardiographic re 
during exercise tests are compared with simult 
Holter recordings. Before a study, each patien 
went positional changes and hyperventilation 
lability of the ST segment; no ST-segment 
were noted. Recordings were scanned on an 
9100 scanner; electrocardiographic strips shov 
izontal or downsloping ST-segment depressio 
least 1 mm, (2) lasting at least 1 minute, anc 
rated by at least 1 minute from successive . 
were printed out and reviewed. Patient diar 
also kept, with patients instructed to record th 
activities on an hourly basis, except, of course 
asleep. Each patient was monitored for 48 hou 
secutively (480 hours for the entire study group 

During the total 480 hours of monitoring 
sodes of ST-segment depression were recor 
were asymptomatic. The number of ischemic epi 
in individual patients ranged from 1 to 17 an 
duration ranged from 7 minutes to 237 minutes 
rate at onset of ST depression ranged from 65 
beats/min, and was generally lower than tl 
served during exercise testing in the same. 
(mean heart rates: 88 + 8.2 vs 119 + 6.5; p <0. 

t test). Activity during these episodes was m 
much as possible with diary entries; in only 2 
were these episodes consistently related to 
physical activity (jogging, lawn mowing]. - 
feature was their circadian variation. Nea 
(47%) of all the episodes occurred from 6 A 
noon, as opposed to the 12 noon to 6 PM, 6 1 
midnight, and 12 midnight to 6 A.M. time perioc 
tion of episodes during the 6 am. to 12 noon time 
was 44% of the total duration. 

When the Holter findings were compares 
exercise test results, the subgroup with 3-ves 
ease seemed to show a higher number of sile 
sodes per patient. 


Type 2—Patients Who Are Asymptomatic A le 


Myocardial Infarction 


The low-level exercise test performed soon af 
infarction detects about 50,000 new cases o 
myocardial ischemia per year in Type 2 patient 
United States. Short-term prognosis in this type 
tient has been well onh by Theroux 





data from Gibson aud. Beller” s — it is 


| patients with both painless ST-segment de- 
ion and abnormal thallium scans that prognosis is 


he snulticeniéted Coronary Artery Surgical Study 
aportant because it evaluated prognosis in asymp- 
atic and mildly asymptomatic postinfarction pa- 
ts who received either medical or surgical treat- 
13 The study has been criticized because of the 
ll number of patients (780) who were eventually 
lomized from a cohort of over 16,000. Nonetheless, 
al mortality was over 5% in the subgroup with 3- 
disease and ejection fractions between 0.35 and 
)Wever, there was not always evidence of silent 
mia on exercise testing in these asymptomatic 


Other studies also have provided data on Type 2 
ents, but these studies sometimes comprise popu- 
jns that are not uniformly asymptomatic. For ex- 
le, an investigation at the National Institutes of 
ht followed 25 patients who were asymptomatic 
f whom had an infarction] and 122 who were 
y symptomatic (61 of whom had prior infarc- 
e of the patients had 1-vessel coronary 
disease (284), 45 had 2-vessel disease (31% }] and 

d 3-vessel disease (41%). There was a high fre- 
cy of coronary risk factors in these patients, but 
estigators could not find any combination of 
actors that identified a high-risk subgroup. Mor- 
ity for the entire group was 3%, a figure lower than 
ted for symptomatic patients. In the 4 years of 
-up, 8 patients died. The 3-vessel group was also 

| separately. Patients with good exercise capaci- 
d an annual mortality of 4%, compared with 9% 
wose with poor exercise capacity. Total mortality 
3-vessel subgroup was 6%, which was similar to 
observed in the Coronary Artery Surgical Study 


; other study, from the Duke-Harvard Collabora- 
soronary Artery Disease Data Bank, also included 
ure of totally asymptomatic and partially symp- 
c patients." In this study, 44 patients were iden- 
th angiographically documented coronary ar- 
sase who had no angina symptoms for at least 
onths before coronary angiography and who 
t taking antianginal medications; they also had 
one coronary bypass surgery. Of these, 32 
farctions. Most, but not all, patients under- 
cise testing. Those who had positive test re- 

o pain with the test. 
a ents were matched with 127 symptomat- 
) de eee most of — in 


with seal duos. (47 7 Jo yearly m 


tomatic patients vs 8.7% in the sympt 
Development of anginal symptoms ever 
ported in 30% of the patients by the en 
follow-up, and 2 of the 4 patients in thi 


months before their death. : 
Preliminary data from several centers s 
in addition to the exercise test results, advers 
sis in patients who have had myocardial 
with and without symptoms can also be re 
lent ischemia documented by Holter monito 
We can expect more studies like these to be re 
subsequent years— with potentially importan 
cations—in both Type 1 and Type 2 patients 
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urvi ive : an acute myocardial infarction 

Ser risk of sudden death for approxi- 
after hospital discharge; their 

LA the oe of their cor- 

dex gree of left ventric- 


s of patient ts v 
ds strongly influenced IE the extent ‘of 


e rud 1-3 The. frequency. ol — ven- 
r plexes: also is an independent risk factor 
after hospital discharge after acute myocar- 
o 45 Tt has been known for years that an 

y imed — beat i is more aee to 


are at the "highest. risk of inier after Y o6 ) 
charge. It appears likely that all 3 of these 
tors interact and that therapy to reduce morb 
and mortality after myocardial infarction shoul 
at the amelioration of each of these risk factors 
model for the interaction of these risk factor: 
posed and an approach to treatment for pa 
high risk of mortality after hospital dischar je 
myocardial infarction is. suggested. E 
(Am J ‘Cardiol 1988; 6 


ventricular arrhythmias on prognosis after acute 
cardial infarction. The potential role of the tre 
of ischemia in reducing the risk of sudden deat 
hospital discharge after acute myocardial. in 
also is discussed. 


Natural History After. Hospital Discharge 
Following Myocardial Infarction: 


 Preponderance of Sudden Death in 


the Early Postdischarge Period 


Most patients who die. after hospital disc] a 
lowing acute myocardial infarction die sudd: 


Most of these deaths occur in. the first 6 mo 
hospital wes and the Pur cause ol 


the prophylactic use of áprindine i in high-risk 
after myocardial infarction, 56% of all deat 
placebo arm occurred during the first month a 


b pital discharge, and of thase two-thirds v 


en ts who. 





Thus, incen left ventricular fun | 
dial infarction is a major independei 
—— 


rem Myocardial aoe 


Many studies have documented th it hi 
rhythmias in the late hospital phase ai afte 
infarction are associated with an increase 
den death after hospital discharge.*? T. 
documented that complex ventricular àr 
the late hospital phase and after dischar: 

15 30 45 60 myocardial infarction were associated wit 
VEND Bo M . sel coronary disease, left ventricular dysh 
-— Radionuclide ejection fraction (%) m death. In their study, complex vei 
i | rhythmias included multiform ventricular 
2 zl 244 382 152 beats, bigeminy, or runs of ventricular beat 
Et. Mortality as a function of left ventricular ejection fraction 61 patients in the study underwent coronat 
luring the first year following hospital discharge after acute ventricular angiography and 24-hour Holt 
: ardial infarction. Cardiac mortality increases greatly as the ing 10 to 24 days after acute myocardial inf 
on fraction determined before hospital discharge falls below had repeat Holter monitoring approximate 
Reprinted by permission from N Engl J Med 1983;309:331- — after the index infarction. Sixty percert o 
ME this study had complex ventricular arrhyt 
some time during the 1-year follow-up. T} 
infarction patients, complex ventricular ar 
are so common that their presence has a rela 


This suggests that the pathophysiology of death predictive value for morbidity. 


e Sen in the early months after myocardial 


mic death in the absence of acute nic dial — AR Eon HAE to De: an ‘in 


M marker for risk of sudden death after myo 
ation Between Left Ventricular Function and trus modis cies Eo da 


| nosis After Myocart dial Infarction Multicenter Postinfarction Research Gro 
nts with clinical evidence of impaired left Multicenter Investigation of the Limitatio 
ular function after myocardial infarction are Size (MILIS)."5 It is apparent, in virtually < all 
at high risk of dying after hospital discharge? the relation between ventricular prematur 
ze et al'* were the first to study prognosis after sudden death after myocardial infarction, tha! 
dial infarction using radionuclide techniques who have good left ventricular function hi 
asure ejection fraction and 24-hour ambulatory tively low mortality, even if they have a hig 
ocardiographic (Holter] techniques to measure cy of ventricular ectopic beats. For exam 
hmias. In their study, all patients who died had MILIS study, the additive risk for sudden d 
| ejection fraction. <40% and high-grade ar- the group of patients with ventricular prema 
ias. In studies of the Multicenter Postinfarction of >10/hour was 5 times that of the group w 
h Group,’ low ejection fraction and high-grade frequent ventricular beats nor left ventri 
mias independently contributed to the risk of function. The additive risk for sudden d 
slowing hospital discharge after myocardial times greater in the group with both le 
on. The relative risk of death was highest in dysfunction and frequent premature ven 
vho had an ejection fraction of <40% and In our study of antiarrhythmic thera} 
ar ectopic beats/hour. The relation be- patients after myocardial infarction," 1 
tion fraction qd pieni was curvilinear who had an ejection fraction of mo 
ectior though the median frequency of ve 


Frequent. ventricular. premature comple 





t ial infarction 

al? studied patients who underwent a 
ercise treadmill test before hospital dis- 
myocardial infarction; those who had evi- 
chemia had a 1-year mortality of approxi- 
7% compared with only 5% among those 
ithout ischemia. These investigators later 
vat the relation between ischemia and death 
n the first year after myocardial infarc- 
he first year other variables related to the 
hronicity of coronary heart disease were 
‘related to sudden death. Although some 
ve shown no predictive value of variables 
low-level exercise tolerance testing after 
ifarction,!7 selection bias probably ac- 
much of the difference in outcome between 
its who are able to exercise after myocar- 
.are at the lowest risk of dying? and thus 
rs of patients would be necessary to show 
fference in mortality. For example, in 
er Postinfarction Research Group study,° 
ie first year following hospital discharge 
ocardial infarction was 7.5% overall; 
^« among the 667 of 866 patients who 
erform a low-level predischarge exer- 
est, but was 17% among the 199 of 866 
) were unable to exercise. Gibson et al! 
d that the presence of exercise-induced 
tress thallium. scintigraphy was a signifi- 
er predictor of cardiac events than coronary 
defined at angiography, thus supporting the 
hat more information is required to assess risk 

| ronary anatomy alone. "m 
se patients who are unable to perform an ex- 
ss test are at the greatest risk of dying after 
discharge, other means of detecting ongoing 
need to be evaluated in patients who are 
) undergo an exercise tolerance test for clini- 
It is among these patients that the use of 
electrocardiographic monitoring for de- 
‘hemia may be most useful. Stern and Tzi- 
eanfield et al? demonstrated that Holter 
an clinically detect ischemia and that 
of ST-segment depression are not asso- 
inh pum and termed this porci ved 


dens been — published”: supporting 
that silent ischemia is associated with increas 
for later cardiac events. 

Preliminary reports also indicate that Holt 
toring can identify episodes of silent ischer 
infarction, and that these episodes may be à: 
with an increased risk of cardiac events in t 
farction period.?*?» Therefore, this technique 
come useful for assessing. risk in patients wh 
perform an exercise test in the early postinf 
period. = 

Because left ventricular function and the : 
coronary atherosclerosis are also predictors of 
ty after myocardial infarction, it has been u 
whether patients who survived myocardial inf 
who have silent ischemia differ from patien 
symptomatic ischemia in their extent of coro 
ease and degree of left ventricular dysfuncti 
recently reported on a group of 60 patients w 
positive results on a low-level exercise treadr 
s X 1 days after myocardial infarction.*5 Ol 

% had no chest pain during the test. The gro! 
— chest pain and the group without angi 
comfort did not differ with respect to age, gen 
number of prior myocardial infarctions. The e: 
coronary artery disease and left ventricular | 
fraction were not significantly different bet | 
groups, suggesting that the presence of sympto 
a marker of more extensive coronary athero: 
Thus, it is becoming increasingly apparent. t 
cardial ischemia, whether silent or symptomatit 
taneous or exercise-induced, is an important 
of a poor prognosis in patients who survive m) 
infarction. 


Relation of Ischemia to Ventricular Fibrilla 


Animal studies have shown that ventricul 
lation is more likely to occur in the presence o 
mia and that the likelihood of spontaneous 
mias is greatest in animals who have both 
amount of ventricular damage and ischemia. 
and his colleagues developed the concept of t 
tricular fibrillation threshold; they demonstrat 
the ventricular fibrillation threshold is marked 
duced in the presence of ischemia. Gang 
showed in dogs that large infarctions predispo: 
heart to electrically induced, sustained’ ve 
tachycardia. Garan et al? later showed in de 
large infarct size and low left ventricular ejec 
tion were the only variables that predispose 


; — induced d monomorphig: ventricul 





is 
: (silent "syinptornatic) 


| A model for the interaction, which leads to sudden death 
v te — infarction (MD), between left ventricular 


ed bed <28% of left ventricular mass, even in 
sence of low collateral flow; when the ventricu- 
rendered ischemic was above this critical lev- 
cidence of ventricular fibrillation was in- 
lated to collateral perfusion. 
ations in autonomic nervous system activity 
pear to influence the relation between left ven- 
r arrhythmias and ischemia. Schwartz et al?! 
ed a dog model designed to simulate clinical exer- 
duced myocardial ischemia. The dogs were 
ically. instrumented and studied under control 
ions and 1 month after production of anterior 
rdial infarction. The dogs were exercised and 
ft circumflex coronary artery occluded for 2 min- 
iring the last minute of an exercise stress test 
xtending through the first minute after cessation 
xercise. Ventricular fibrillation occurred in 40% of 
-dogs and in 66% of dogs with prior infarction. 
gnificant decrease in the incidence of ventricular 
tion was found in postinfarction dogs who were 
with left stellate ganglionectomy, which sug- 
iat a decrease in sympathetic tone and an in- 
n vagal reflexes may play an important role in 
intenance of cardiac electrical stability in the 
nce of ischemia. 
rrier et al? showed that the sensitivity of the 
ardium toward a critically timed extrasystole is 
lent on the degree of ischemia and that the fi- 
on threshold could be reduced by maneuvers, 
s psychologically stressful stimulations or by 
g anger, which increased sympathetic stimula- 
‘patients with coronary artery disease who are 
rs of sudden death, 2 recent studies have pro- 
à idence. suggesting an association between si- 
ocardial ischemia and arrhythmias. Sharma et 
id evidence of silent ischemia in 12 of 15 
nts and Morady et al?* demonstrated in cer- 
s that malignant ventricular arrhythmias 
Je induced during electrophysiologic test- 
hemia was presant, 


l thap 3] | 
with an ejection fraction of >40% Ie 
tion has been postulated to be due to 
on the basis of theoretical argument 
proposed by Winfree? and as has been 
mentally by Chen et al. The presen 
ischemic damage may facilitate the d. 
multiple wave fronts that result in ventr 
tion. The schema as presented in Figure 
ischemia may have a pivotal role in f 
development of ventricular arrhythmic 
cardial infarction, ischemia, silent or s 
present in a significant proportion of p 
frequency of ventricular ectopic beats is c 
with left ventricular function and with the 
coronary atherosclerosis.” Ischemia may I 
crease in ventricular function that devel 
ately as a functional consequence of ische 
intermediate period due to myocardial es 
or permanently if the ischemia is prolong 
sults in reinfarction. A relatively small dec 
ventricular function may be of clinical sign 
increasing the number of ventricular ectopi 
the likelihood of fibrillation in the presence o 
propriately timed ventricular ectopic beat. In a 
patients who have a non-Q-wave infarction h 
shown to be at high risk after hospital discha 
may be because the likelihood of continued 
or of later having a more extensive Q-wave 
is high, and frequent ventricular beats an 
may facilitate the development of ventricu 
arrhythmia and sudden death. | 


Potential Role of Treatment in * 


Risk of Death Following Hospital Discha 


After Myocardial Infarction 


Because sudden death following hospita 
after myocardial infarction appears to result 
interaction between ischemia and ventricula 
ture beats in the setting of left ventricular dysft 
it has seemed reasonable to expect that imp: 
in all 3 of these factors may reduce the risk 
death. In this regard, treatment of ventricula 
beats has been most extensively studied. A 


by Furburg,*° treatment of ventricular e 


alone has been disappointing in its effect on 


of mortality after hospital discharge. Ino 


prophylactic use of aprindine in high-risk 
ter myocardial infarction,"? the first de 


taking aprindine occurred at 47 daysa 


a time when more than half of the de: 


7 bo arm of the ens e of 16) 





— have been no published clinical tri- 
effectiveness of angiotensin-converting 
ie inhibitors on mortality in patients after in- 
ion. However, angiotensin-converting enzyme in- 
have been shown to reduce mortality in the 
t Spectrum of patients with congestive heart 
6 There is a suggestion from animal studies?" 
agents may have promise in decreasing the 
h after myocardial infarction. 
ugh the prophylactic use of calcium channel 
luring and after myocardial infarction has 
. clinical benefits in the wide spectrum of 
59 studies of subsets with increased poten- 
ecurrent ischemia such as those with postin- 
gina! and non-Q-wave infarction®? have 
efits in reduction of reinfarction rates. In 
e combined results of large randomized 
sate a benefit with aspirin therapy after in- 
indication has recently been approved by 
id Drug Administration.5954 
rdial revascularization i is an important ther- 
rvention for patients with ischemic heart 
current clinical practice in many centers 
n cardiac catheterization in patients with 
tion angina or positive early treadmill test 
| to recommend. coronary artery bypass sur- 
mary angioplasty in patients with suitable 
'hereas there are data to suggest that such 
are at high. risk, there is little information to 
the notion that these interventions reduce 
. Thus, extrapolation from available random- 
ical trials is in order. 
ary bypass surgery has been shown to reduce 
compared with medical therapy in patients 
ble angina who have significant left main coro- 
ery disease? or 3-vessel disease with de- 
left ventricular function.5® A European trial 
| decrease i in mortality in all patients with 3- 
ise." Among patients with unstable angina, 
y reported Veterans Administration Coop- 
itudy demonstrated a reduction in mortality, 
ery performed only in the subgroup with de- 
eft ventricular function (ejection fraction 
‘hus, for both stable and unstable angina, 
yypass surgery has been reported to decrease 
subgroups of patients with extensive coro- 
disease a and —— i venue func- 


" farction patient suggests t 


involving treatment of pps: med catio 
afterload, thereby improving left ventricular 
and, perhaps, use of more effective long-actin 
rhythmic agents—should be used early after 1 
dial infarction in the treatment of high-risk pati 
remains to be seen whether this approach to th 
cal treatment of high-risk patients will reduc 

ty while they await evaluation for potenti: 
definitive therapy such as coronary angioplag 
pass surgery. 
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ti ation n of Transient Myocardial Ischemia t | 


RICHARD |. LEVIN, MD 


quency-modulated Holter recordings. — 
tests. To assess the feasibility and utility 
m monitoring, patients with documented. 
artery disease were monitored continuously 
day periods. Of 26 patients enrolled, 8 comp 
— for individualization of anti-ische T TE 
iab dins »i a 909 


—— —— the —— lih 
sodes by 5996 and the duration of isch emi Ah 
60% (p <0.001); t he re wa ras no 
effectiveness of treatn me | er Se ea 


digital, ‘ambulatory ye electr trocart 

onstrate, in the a 5 ence. ess 

apeutic intervention in individual patients. eR 
(Am J Cardiol 1988;61:13l 


veloped that Holter monitoring could not be. 
assess myocardial ischemia.9-!! Further studi 
T gested that false-positive ST depressions occu 
en — acil "Early — normal persons,*-?? further discrediting the tec 
if piper god — contained fre- Newer technology and recent observation 
S. reversed this opinion. In brief, frequency-moi 
ambulatory electrocardiographic recording 
dated for the accurate detection of ST deviation 
was used to demonstrate that silent myocar 
mia is ubiquitous in patients with coronary art 
ease, representing 75% of ischemic episode 
mia is more likely to be associated with pair 
ischemia is induced by exertion, but even. 
| — cumstance, silent episodes constitute mi 
— ee of Medicine and events. Silent myocardial ischemia occur 
sculal ee — Yorkt Univer- tivities of daily oy SR is — as 





= - 60 ms — Tie p pont pew defines t 


ae or sei, puri — — or 
z th). Other investigators showed similar prognostic 
> import in the first year after myocardial infarction,” 
ind for cardiac events after demonstration of silent 
chemia during stress testing.?!- Moreover, silent is- 
ia has been implicated in the pathogenesis of 
imogenic sudden death.?526 
ther important feature of transient ischemia is 
daily variability in the frequency and severity 
hemic episodes over the short term.?-?9 Over a 
period of time, there have been suggestions of 
ons and exacerbations in disease activity as 
by silent ischemia in patients withdrawn from 
tion for 48 hours. These long-term variations 
reflected in anginal frequency or exercise time 
nemic ST depression. Finally, a crescendo of si- 
chemic activity unaccompanied by an increase 
zinal frequency may precede either myocardial 
on or sudden death? 


tal Ambulatory Electrocardiography 


he documentation of transient myocardial ische- 
uring normal activities is difficult because most 


odes are asymptomatic and the number and sever- 


f episodes recorded in a single day may not be 
esentative. We therefore developed a digital, long- 
ambulatory electrocardiographic analyzer and 
er that is programmable, is capable of commu- 
ting with the patient in real time, and uses varia- 
a time-averaged ST-segment amplitude as an 
rof myocardial ischemia." In brief, the device 
nitor One Star", Q-Med) is a small ambulatory 
itor that contains a 65CO2 microprocessor. Three 
lectrodes developed by the National Aeronau- 
id Space Administration?9-3? provide a ground 
bipolar lead through a single connector to the 
The signal is digitized at 256 Hz and analyzed 
microprocessor; data describing abnormal or 
identified events are stored in random access 
protected by a lithium battery. The device 

| integral keyboard for communication between 

d device as well as a liquid crystal display and 
ierator for communication between the patient 

:e. Data describing. number and duration of 
histograms with 2- to 15-minute resolution for 
mal condition for up to an 8-day monitoring 

3 Ha and b to ninety y 5-second, calibrated, 


However, before deciding whether 

present, the algorithm corrects the S 

line drift by comparing the isoelec 

quential QRS complexes. If depressio 

present, the algorithm makes certai 

between J and J+60 ms is <2.5 X 107? r 

the signal is relatively free of noise. If S 

present, the algorithm requires that ele 

ent at the ] point as well. Once these- 

met, the current ST level is averaged wi 

beats by a weighting technique. j 
Before it is used for monitoring, the device 

grammed with the level of ST depression (0. 1,0 

mV) considered significant, thus defining a 

mic event." When the device is operatin; 

average as described is stored every 8 

series of memory locations known as. 8 

which contain a 64-second history of the: 

When the ST depression has remained 

threshold for an ischemic event for 40 s 

algorithm validates the event as real and b 

its duration. Time is thus used as a filte 

recognition of insignificant deviations of sh 

tion. An event is defined as the entire perio 

which the ST amplitude is below the prog 

threshold, and the event is deemed ove 

ST amplitude has been above that. threshold 

seconds. — 
As an alternative to this method fox defin 

ischemic event, the device can be programm 

quire 1 minute of depression of 0.1 mV, with 

ute return above baseline, indicating the « 

event, in order to conform with the recently 
convention of the Bethesda Conference ( 
rule’), In either method, the time spent al 


3 levels of depression noted is also stored separat ly 
The algorithm searches for the most severe depressi 


in each ischemic event and saves 5 seconds of 
electrocardiogram as an example; each record is: 
tated with the time of onset, the duration of th 
sode, and the pulse rate at the onset ES u 
(Fig. 2). | 


Algorithm Validation 


The algorithm was initially validated b rus 
a waveform generator and the American H 
ciation database of dysrhythmia tapes. The 
subsequent clinical studies have recent 


ed.34 — Accuracy. of rate definition w 
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Week! Week2 Weeki Week 2 
Control Transdermal 
Nitroglycerin 


(o Duration 3B 
. (min24hr) , 6 


Week 1 Week 2 
Transdermal 
Nitroglycerin 


IGURE 3.1 Effect of transdermal nitroglycerin on ischemia. A, effect 
C ermal nitroglycerin, 10 mg/24 hours, on number of ische- 
pisodes per 24 hours. There were no significant differences 

n weeks 1 and 2 in the number of episodes for either the 


Week 1 Week 2 
Control 


or the nitroglycerin study periods. Nitroglycerin diminished 


lc episodes by 59% (p «0.001) during the 2 weeks of 
n.. B, effect of transdermal nitroglycerin, 10 mg/24 hours, 

lion ot ST-segment depression. Durations recorded were not 
tly difterent between weeks 1 and 2 for the 2 groups while 
rin reduced duration of ST depression by 6096 (p 
All data are mean + standard error of the mean. 


specificity and positive predictive accuracy of 
eviation were therefore 100%, 92% and 90%, 
tively. 
the second study, 15 ambulatory patients with 
i and documented coronary artery disease were 
ored simultaneously by the device and an FM 
ecorder (Oxford Medical Systems) whose pa- 
nt marker had been electrically connected to 
circuit of Monitor One. In 532 hours of re- 
| igi gn nificant ST ent oc- 


dn thec control state. If 21 ischoniice episode pe 
detected, transdermal nitroglycerin the 


additional 14 days. With the consent of thee 
physicians, patients were then advanced to 
10 mg/24 hours and were monitored fora a t 
m 


tery eim d e 10 were akin B 
Fifteen patients did not complete both arm: 
study: 7 patients had no ischemia, 5 patients had 
ischemic episode per 24 hours and their referring oh 
sicians elected not to proceed, 2 patients 

from the study during the control period for noi 

cal reasons and 1 additional patient had bullo 
matitis. Of the remaining 11 patients, 3 di 

to the dosage increase and were excluded f 


evaluation. 


Thus, 8 patients completed both arms f 
including treatment with the 10-mg transderma 
glycerin dose. The patients were monitori 
ously for an average of 203 hours during 


period and 194 hours while receiving transde 


troglycerin. Over 90% of the ischemic episodes in 

group of patients were silent. n 
The results are shown in Figure 3. Comparisc soi 

the results for the control and 10-mg nitrog 

treatment periods showed that nitroglycerin. red 

the number of episodes of ischemia per 2 

59% overall (p <0,001), from 10.5 + 11.8 to 3.6 


week 1 and from 9.4 + 9.2 to 4.5 + 5.7 in we 


+ standard deviation, p «0.001; 2-way analy y: 
ance with repeated measures). The total. di 
ischemia was reduced with nitroglycerin by 


all {p <0.001), from 16.7 + 24.7 to 5.9 + 6.4 


hours in the first week and from 14.2 + 17.9 to $ 
minutes/24 hours in the second week. Comparison 
the results within each treatment group showed ni 
significant differences between weeks 1 and 2 for the 
number of episodes or duration of ischemia. An i 
crease in either of these assessments in the treated 
patients in week 2 would indicate an atten 
effect of the transdermal nitroglycerin. 

These data indicate that long-term monitor 
ing a digital, ambulatory electrocardiographic 
er and recorder is both technically feasible 
ceptable to patients. Recent observations 29 





silent —— ischemia. Am ] Cardiol 1987; :59:497 -500 
wy 1968; 22: 856-862. 23. Weiner DA, Ryan TJ, McCabe CH, Luk S, Chaitma 
n disease. À — Tristani F, Fisher LD. Significance of silent myocardial isch 
: cise testing in patients with coronary artery disease. Am | 
725-729. a 
24. Ouyang P, Shapiro EP, Chandra NC, Gottlieb SH, Che: vP 
An angiographic and functional comparison of patients with: 
tomatic treadmill ischemia early after myocardial infarc Hi 
1987;59:730-734. 
28. Sharma B, Asinger R, Francis GS, Hodges M, Wyeth: RP. De 
exercise-induced painless myocardial ischemia in survivors. : 
ventricular fibrillation. Am ] Cardiol 1987;59:740-745.. 
28. Amsterdam EA. Silent myocardial ischemia, orrhyth 
death: are they related? Am ] Cardiol 1987;59:919-920 
27. Levin RI, Cohen D, Frisbie W, Selwyn AP, Barry J, D 
Campbell DQ. Potential for real-time processing of the con 
| tored electrocardiogram in the detection, quantitation an 
silent myocardial ischemia, Cardiol Clin 1986;4:735-74 
28. Deanfield JE, Selwyn AP, Healy M]. Variability of ‘stabl 2 ang 
fin e He by ST Holter monitoring: implications for clinical investigati 
usine M Varver ST. Tope ia dunde Rania ihe ECG m lation 1986;74:suppl IEU-400, T 
| advantages of the H olter-Avionics Instruments. — 29. Nabel EG, Barry J, Campbell S, Mead K, Rocco M, Seh 
of ischemic heart disease activity (abstr). Circulation 1986:74: 
[| Iw. Morris. SN, McHenry PL. Prevalence and 30. Day JL, Lippit MW. A long-term electrode system for elec 
T nt and. T3 wave ¢ abnormalities i in normal n men dee: and impedance pneumography {abstr}. Psychophysiology 196 
31. Montes LF, Day JL, Kennedy L. Response of human skin 
space flight electrodes {abstr}. J Invest Derm 1967;49:100. 
32. Day JL. Review of NASA-MSC electroencephalogram and 
gram electrode systems including application techniques. Natio 
tics and Space Administration Technical Note. NASA TN De 
Washington, DC. | 
33. Weiner DA, Becker LC, Bonow RO. Recognition, pathoger 
agement options in silent coronary artery disease. Report o 
tion and diagnosis, Circulation: 1987;75:supp! 1I:11-49-11-5 
34. Barry J, Nabel EG, Rocco MB, Campbell S, Selwyn AP 
device for ambulatory. monitoring and on-line analysis: of isch 
with angina {abstr} [A 986;7:suppl A:239A. . : 
35. Barry J, Campbell S, Nabel EG, Mead K; Selwyn AP 
toring of the digitized electrocardiogram for detection à 
transient myocardial ischemia i in angina pectoris. Am I 
488. : 
j 36. Garrett JS, Botvinick EH, Parmley ww, Chaterjee: abu 
perfusion id fonction duci pani incur A ischemia.  -ment of myocardial ischemia (abstr). Clinical Research 1986;3 
; 950. x. : 837. Jamal SM, Mitra-Duncan L, Kelly DT, Freedman SB. Valid 
3 Oi a — time electrocardiographic monitor for the detection of myocar 
noD to coronary artery disease. Am Br Cardiol 1987; 60:525 





= Myocardial Ische mia 


CAR. J. PEPINE, MD, JAMES A. HILL, MD, GREG A. 
| and NANCY NORVELL, PhD 


con uting to the development of exercise- 
ul ischemia, such as actions of the 
ervous — and catecholamines, have 
dc the me "d anisms by which 
odes 3 of ischemia are 


a or perpetuate isc emic niga induced 
means. Other receptors (82) may mediate 
ph og vascular EER limit- : 


i als of angina pesce and severity: or 


paguen in the | exercise e Recent | 


IMPERI, M 


sodes in patients with a variety of clinica fo 
coronary heart disease. Beta blockade h 
shown to reduce the frequency | and duration 
lent and painful ischemic episodes in. 

effort angina and rest angina. The data s 
heart rate and perhaps other changes obser 
use of 8 blockade play an important ro 
chemia; heart rate at specific times throuc 
day, particularly. in the late A.M., and the inc 
heart rate seen in conjunction with silent i 
episodes are all decreased with administratio 
blockade. Results of a recent study focu 


. Silent ischemia showed that 6-blocker treat 


with metoprolol, compared with placebs, 
duration of f episodes) in all periods ex amin o 
(Am J Cardiol 1988 61 18 


The central nervous system and catechol 
are well known as precipitating factors in- 


induced ischemia associated with angina pe 


addition, both. adrenergic activity and catechol 
have been implicated in production of var 
Prinzmetal's angina, the "natural" model for d 


coronary artery constriction.® These patients 


onary spasm also have spontaneous ischemic 
— occur during 2 activity; most of t 


Wi to. bana 22 ischemia d 


nary oe Fer ana through dynamic 





d nd perhaj sperpahiate - app 


duced y other mechanisms. One 
this: perpetuation to occur is by an 
cardial oxygen c demand through £, ad- 


ed. augmentation. of heart rate and 


"he increase in heart rate would also 
ice the duration of diastole, an important 


f coronary flow. Beta;-mediated coro- 


pheral vascular constriction has the po- 
myocardial oxygen supply and further 
ardial oxygen demand. Any of these re- 
adversely influence the myocardial oxy- 
demand relation and evoke ischemia. 
linical work in this area has focused 
of  É-adrenergic blockade in patients with 


isin: Beta- -Adrenergic Blockers to 
ni — in Patients 


emn in silent a it. is appropri- | 


» studies t in which 5 blockers were 


C — pee daily life. 

ded to decrease with the use of the 

ut the decrease was significant only with 
nifedipine. In a controlled trial, Dargie et 
lated. total ischemic. episodes (painful and 
n 16 patients. with. exertional angina using 
y monitoring. : Most episodes of ST depres- 
“were painless. Propranolol (240 and 480 

vas effective in significantly reducing the 
schemic episodes. However, combinations 
ol and nifedipine tested (propranolol 240 
ifedipine 30 mg/day, and propranolol 240 
ifedipine 60 mg/ day) decreased the num- 
hemic episodes by 95%, supporting the pre- 
data. nes in. 1 the uncontrolled. trial by 


Luis and studied d ST-ecament i indexes by 


y electrocardiographic monitoring during 
nd — treatment — bed — a. 


| these episodes. Mean hourl 


was also reduced by bevantolol, 


8 AM. and 1 PM. “declined. “Although 
episodes were not. specifically addressec 
reports, patient data from previous studies 
many of these ischemic episodes were proba 

More recently in a controlled trial, Quy 
compared the effects of atenolol (100 mg/d 
dolol (5 mg 3 times daily] in 15 patients. 
angina and painless ischemia using ambulato 
toring. The number of episodes of ST depr 
not significantly decreased with pindolo 
creased with atenolol. The greatest reductio 
duration of episodes occurred with ate 
(86%) of these ischemic episodes were s 
study was limited in that all patients had se 
and only 1 dose of each drug was used. This 
not have been the optimal dose administe 
individual patient for the silent ischemic 
Nevertheless, the results suggest that the pa 
nist effect of pindolol may limit the pote 
ischemic response of 8 blockade in patients wit 
ischemia. This suggestion had previously 
by Cocco et al,'? who also found pindolo 
in a small. group of patients with silent 
ischemia. - 

In another report, Quyyumi cia 
ied 10 patients with chronic stable. anginag 


lol to suppress effort angina. They assessed 
tiveness of this agent to reduce ischemic e 


evaluating ST depression as detected by an 
electrocardiographic monitoring. The optir 
was determined by a single-blind titration: 


. was defined as the dose that decreased eff. 


turnal angina. The optimal dose averaged 48 
efficacy of the optimal dose and that of pla 
then compared in double-blind fashioi 
completely abolished all episodes of isch 
tected by ambulatory monitoring in 5 patiei 
duced both the frequency and duration of e 
the other 5 patients, compared with placebo 
group as a whole, episodes of ST depressio 
which were silent, declined approximately 
labetalol. In addition, the duration of thes 
declined approximately 70% with labetalol 
The strength of this study is that patient : 


an optimal rather than an arbitrary dose asi 


studies. This optimal dose was determin 


tor ted angina, however, and. ma: 





ents swith variant angina represent a subset with 

c heart disease who have rest angina with ST- 
ont elevation. Coronary vasomotion probably 
gia role i in the ea of rest ischemic 


span or ee of a ek and like- 
2, silent episodes recorded by ambulatory electro- 
iographic monitoring (which comprise about 90% 
pisodes) are not accompanied by the same type 
of. ST-segment change.® Robertson" report- 
from 3 patients with variant angina in which 
chemic episodes were asymptomatic. They 
i -propranolol actually increased the duration 
levation in 1 of the 3 patients. Guazzi and co- 
s? evaluated the effects of propranolol in pa- 
vith variant angina. All patients had episodes of 
ment elevation noted on electrocardiographic 
toring that were both accompanied and unac- 
nied by pain in almost equal numbers. In 4 of 5 
nts, propranolol completely abolished both symp- 
and asymptomatic episodes of ST-segment el- 
1. The fifth patient could tolerate only 120 mg/ 
f propranolol, and while the patient's condition 
aved, ischemic episodes were not completely 
ated. The investigators emphasized the benefit 

lividualizing dosage to obtain maximal effect. 
he results of these studies, although limited to a 
umber of patients, provide evidence that pa- 
with variant angina likewise have a high inci- 
of silent ischemia that may be affected by 8- 

r treatment. 

patients with the more frequent form of rest angi- 
nstable angina, Gottlieb et al’® found that pro- 
olol reduced both the frequency and duration of 
episodes of ischemia recorded by ambulatory elec- 
irdiographic monitoring, as compared with place- 
though this trial was well controlled, the effect 
t episodes was not specifically reported. Heart 
found to increase during the actual ischemic 


[ rate donne the first 2 days of — 
prior to ischemic episodes, and average 
luring ischemic episodes all declined with 

nolol. These results are at variance, how- 
ose reported by Parodi et al! in 10 pa- 
nstable rest angina. In this controlled 
olol did not appear to alter the frequen- 


iemic episodes EE 


ischemic episodes. Indeed, when dase 
used, the endpoint was only suppressio 
suppression of the more frequently. oct 
ischemic episodes. Furthermore, all patier 
data were reported were very symptomatic 
ment was directed at controlling symptoms 
silent ischemia were recognized retrospec 


Results Using Beta-Adrenergic Bloc kers to 
Specifically Modify Silent Ischemia 


We recently reported results of a cont 
spective study in which we focused only o 
chemia. We assessed the effects of 6- 
blockade with metoprolol on total silent ische 
frequency, in addition to heart rate para 
rived from ambulatory electrocardiograph: 
ing, in asymptomatic or very minimally sy 
ambulatory men with coronary disease. Thes 
took no other anti-ischemic or antiplatelet drug 
relation of silent ischemia to heart rate and tim 
was also examined. The dose of metoprolol \ 
ed to maximally decrease the occurrence of 
chemia as determined by prolonged ambulator 
toring (72 hours} during an open perio 
double-blind period, metoprolol significantly 
both total silent ischemic time and the freq 
silent ischemic episodes compared with plat 
erage daily heart rate and heart rate at onse 
ischemic episodes were also reduced. Duri 

administration, a small but statistically signi 
crease in heart rate occurred during silen 
episodes, and correlated with duration of i 
episodes. Metoprolol reduced this increase 
rate while shortening the duration of individ 
mic episodes. During placebo use, most silent ise 
occurred between the hours of 6 AM. and 
noted previously by others. Metoprolol sig 
reduced total silent ischemic time in all time 
examined. | 


Summary 


Results of all of these studies are interpret 
indicate that 8-adrenergic blockade is importa 
control of ischemia (which is usually silent) 
during daily life. Beta-adrenergic blocka 
the frequency and duration of silent is 
in patients with a variety of clinical: 


heart disease. The mechanisms re 


effect are not pt eh ear. | T 
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antagonists have proved effective in stable 
nstable angina and vasospastic angina. 
despite a strong theoretical rationale for 
ind promising experimental data, these 
à Ie not reduced infarct size in acute myo- 
farction (AMI) in the large clinical trials 
yrmed to date. Their role as adjunctive therapy 
mbination with reperfusion needs to be exam- 


im entry blocking drugs are widely used in the 

tates, both nifedipine and diltiazem ranking 

e 10 best-selling drugs for 1986 (8th and 10th, 

vely). They are potent anti-ischemic agents 

re been demonstrated to be comparable in effi- 

8 blockers in the treatment of stable? and unsta- 

gina.?4 In addition, they have proved especially 
e in treating vasospastic angina.*® 

Í agents exert a number of theoretically bene- 

effects in the setting of acute myocardial in- 

in (AMI). (1) Although thrombotic occlusion of 

iry arteries has been demonstrated to be the pre- 

ant pathophysiologic mechanism in AMI, coro- 


pasm may play a role in the initiation and main- 
nce of coronary thrombosis." Relief of spasm may, 


ore, be significant in improving blood flow in the 


le coronary artery with damaged endothelium. 


experimental models, nifedipine has improved 
ral flow to the ischemic zone in dogs subjected 
onary occlusion.?? (3 ] Calcium entry blocking 
significantly reduce myocardial oxygen de- 
decreasing afterload, heart rate and contrac- 
4) The movement of calcium into myocardial 
pm m role in e a peters 


negative; h 


ined. Diltiazem has been demonstra 
angina and reinfarction in the 2-wesk 
AMI in patients receiving multidrug tl 

of the single large trial of a. calcium. a 
rapamil) for secondary prevention after 
v ovar, several well-desig L 
are currently ongoing. — | 

. (Am J Cardiol 1 sent 


These potentially beneficial effects of c 
try blocking drugs in AMI led to enthusiasm 
use in this setting, despite mixed results in ex 
tal infarction.!^!* Several large clinical tr 
calcium channel blockers in AMI were perio: 
reported. on in the 1980s. | 


Clinical Trials of Calcium. Entry Blockin Dru 
in Acute Myocardial Infarction — 


Table I lists the characteristics and r 
clinical trials of calcium entry blocking | 
The first of these was the Nifedipine A 
dial Infarction Study (NAMIS) trial repo 
1984.19 This multicenter study assessed 17 
with “threatened myocardial infarction” (TMI 
ly AMI. Entry criteria for both groups required 
utes of chest pain, randomization within 6 hou 
onset of pain and new ST-T abnormalities. T] 


were distinguished by the creatine kinase 


sample drawn at the time of randomization 
were considered to have TMI if the initi 
reading was still negative and to have earl 
was positive. Patients were randomly assig 


ment with placebo or nifedipine, 20 mg ora 


hours, for 14 days. Therapy was begun 
after onset of pain. The study was des 
mine (1) if nifedipine therapy could p 
sion from TMI to AMI, and (2) if 


limits infarct size in patie 
i have; an à infarct on ori 





— ported results 


gest g that. Baily ca coronary perso dad 
ja result of — p ug 


/ eds decipit died — 
that nifedipine might be exacerbating 
es of infarction. However, the lack of 

e placebo- treated group was an unex- 
and was the likely explanation for the 

een the 2 groups. —. 

gian Nifedipine Multicenter Trial!” was 


! design to the NAMIS trial. This study 


rger, involving 227 patients. The nifedi- 


as slightly lower, at 50 mg/day, and the- 


were similar. The results also failed to show 


| in infarct size or in 6-week mortality. In 


the NAMIS trial, however, the nifedipine- 
ur did not have an increased mortality com- 

ic ebo-treated patients. 
ported a trial of nifedipine in AMI 


kins Medical Center. The study. 


at “low-risk” patients (Killip 


ar ejection. fraction greater 
al of 132 patients were 


er onset of symptoms; treat- 


:d for 6 weeks. Endpoints were infarct 


nortality, postmyocardial infarction angi- 


r bypass surgery, and 10- day and 8-week 


or ejection: fractions. No difference in 


je-Scole CI Clinical T Trials of ! Calcium Entry Blockers In Acute Myocardial Infarction 


eRe pam No 
250501 (20 mg/day) 
Nifedipine. = — 
—.... (60 mg/day) 
E _ Nifedipine — Ja 
60 mg/day) es 
Verapamil” 
- qiue hen "M 


Time After 
MI (hours) 


assigned to ver apamil or ‘placebo 4 hours 
symptoms of AMI. The verapamil dose was 
given intravenously, followed by an oral dos 
120 mg 3 times daily. Infarct size was assesse 
MB release. No difference was found betwee 
groups. : 

. The results of the very large TRENT. stt 
recently been reported. In this study, 4, 491 
with suspected AMI were randomly assigned 
ceive nifedipine, 40 mg/day or placebo. The [ 
endpoint was 1-month mortality. Mortality € ar 
tients with AMI in the nifedipine-treated gr 
10.2% vs 9.2% in the placebo-treated group 
this difference was not significant, it was be 
benefit from nifedipine would not be dem 
and the study was terminated prematurely. Th 
benefit in the nifedipine-treated group was evi 
patients seen early after onset of symptoms (<4 
as well as late (up to 24 hours}, and in patie 


ing prior 8 blockers as well as those not taking 


therapy. 
The only study reporting benefit of a calci 


blocker in early AMI was conducted by Buss 


al?! in West Germany. This was a comparative 
trial, involving 54 patients treated relatively late 
5 hours after onset of chest pain. Patients we 
domly selected to receive placebo or verapa 
30% reduction in CK-MB release was demo 

Despite the results from the latter study, wh 
be viewed in consideration of its smaller si 


drug administration than the others dis 
dence to date suggests no significant benefit o: 


entry blockers: given early in the setting « 
reduce infarct size, The NAMIS study has e 


the possibility of < an adverse effect of these ag 


Reinfarct 
Reduction 


Mortality 
Reduction 


CK-MB. 
Reduction s 


_No 

(f at 2 wk) 
No 
No 


No 





al effect to have omm 
r exam ple; the power. of the NAMIS trial 
hh that there was an 80% likelihood that a re- 
ion in infarct size of 236% could have been de- 
d if present. Lesser effects, e.g., 15% to 30% re- 
ion (more comparable to those demonstrated in 
cker trials), were even more likely to be missed. 
Jifedipine is the drug that has been most carefully 
d. Larger trials with verapamil, or studies with 
em or newer calcium entry blockers, may dem- 
te efficacy. Such trials of calcium entry blockers 
sole intervention in AMI are unlikely to be 
taken in the future. However, because there is 
tial experimental evidence that ischemic myo- 
1 can be salvaged by use of these agents in 
action with reperfusion therapy,?? clinical trials 
bining reperfusion with calcium entry blockade 
to be performed. 


e condary Prevention with Calcium 
try Blocking Drugs in Patients 
Myocardial Infarction 


1 August 1986, the Diltiazem Reinfarction Study 
ip” reported results of a short-term (14-day) ran- 
ized, double- blind, Losses ey interven- 


Pac 307; 7» to 40% of all AMIS. s Although in- hospi. 
rtality is lower for these patients, their 1-year 
ty is similar to that of patients in whom Q waves 
ca ** Patients with non- — moon have a 


p Therefore, cie 20s an nid eal — for 
ng the efficacy of a drug to prevent reinfarction. 
his multicenter study randomly assigned patients 
azem or placebo treatment within 24 to 72 hours 
onset of infarction. The primary endpoint was 
rction, defined as a secondary elevation in plas- 
K-MB any time during the 14-day period after 
ation of trial medication. The study medication 
the sole pharmacologic therapy: Over 80% of 

ts were taking nitrates and almost 50% were 
8 blockers. The reinfarction rate was signifi- 
ower in the diltiazem (5.2%) than in the place- 

^) group. Severe angina was also less frequent 
— group. The A4-day mortality was simi- 


em was safe and. effective. in the prevention of 
re current infarction and epus in patients with 


apy. These alternative strategies neec 

The impressive results of the D 
tion Trial in the immediate aftermath [ 
possibility that calcium entry blockers r m 
fits for a more prolonged period after AM 
of 8 blockers have been demonstrated to i 
vival, to decrease recurrent myocardial inf 
to decrease the incidence of sudden deat 
years after myocardial infarction.2926 

Some data on the efficacy of calcium 
for secondary prevention of infarction 
available. Most of the studies discussed 
followed patients taking medication for t 
months,'*-182" and no improvement in late 
was observed. These studies were not, hi 
sufficient size to demonstrate such effect 
were much greater than those demonstra 
blocker trials. The only study whose des 
parable to that of 8 blocker secondary pre 
was that of the Danish Multicenter Gr 
mil and Myocardial Infarction, results 
reported in 1984.27.28 (Results from a sub 
study were previously discussed.19) In thi: 
patients with AMI were randomly assigned 
mil, 0.1 mg/kg administered intravenously, f 
by oral administration of 120 mg 3 times dail 
placebo. Patients were subsequently follow. 
year. No difference in 6- or 12-month mort 
demonstrated, and no difference in the 6-m 
farction rate was reported. Although signi 
centages of patients in both groups discontin 
py, this study indicates that treatment wit 
beginning early after AMI does not reduc 
mortality or reinfarction rate. | 

Several secondary prevention trials wit 1 
entry blockers are currently ongoing. Dr. H 
feld and his associates in Israel are testing 
in the postinfarction period for its effects on m 
and sudden death (SPRINT H). The Multice 


 tiazem Postinfarction Trial is currently bei 


out in North America, with plans to enroll 2,50 
farction patients in a randomized, double-bl 
cebo-controlled trial using diltiazem, 240 r 
divided doses. The primary objective of this 
pd if — treatment initiate 
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onal Beta- Blocker Review i in Acut ! 
Postmyocardial Infarction 


AKE HJALMARSON, MD, 


enefits of 8 blockade in acute and postmyo- 
ffarction are well documented. More than 
)0-controlled trials have been performed, 
more than 40,000 patients with short- or 
1 follow-up. in long-term follow-up studies 
proximately 20,000 patients, mortality was re- 
.by 2196 and reinfarction by 2496. When 
Sk patients were assessed separately, the re- 
stion in mortality after early intervention was sig- 
1 tiy greater than in low-risk patients. The trial 
ation was withdrawn in approximately 24% 
896 of patients in the placebo and Ó-blocker 
espectively, in the major trials. In addition 
duction of mortality and reinfarction rates, 
is have clearly been demo onstrated in preven- 


plications. Significantly r more patients had hypo- 
nd bradycardia with 5-blocker treatment 
vith placebo; no clear-cut difference between 


ggestion that 8 blockade may have a beneficial 
luring or shortly after myocardial infarction 
-forth as early as 1965 by Snow.! A number of 
uent studies did not produce conclusive results 
e of the small number of patients, the relatively 
llow-up, the low dosages administered in some 
tudies, and the generally high drop-out rates. 
monstrate conclusive findings requires the 
thousands of patients for a reasonably long 
east 3 months and preferably 1 or more 
the results to acquire significance, the study 
arge enough to be associated with at least 100 

| from trials reporting 20 or 25 deaths, for 
hile. possibly t usetuli need to be viewed 


2496,r 


PhD 


the placebo and 5-blocker groups was fo unc 
atrioventricular block or congestive heart fail 
when patients with these conditions wer 

In the Stockholm Metoprolol Trial, 3 years 
prolol treatment in about 300 patients afte 
dial infarction prolonged both survival and 
spent completely asymptomatic, in an optim 
tional state, or both. Patients receiving 


complications, including bypass surgery. Lo 
B blockade after myocardial infarction redu 
tality and morbidity in 8096 of patients. by 2: 
pectively, but causes adverse rea 
approximately 1096. With proper selection 
tients and the type and dose of 8 blocker, st 
without atherosclerotic complications c or a d 
fects can be prolonged. um 


(Am J Cardiol 1988;61:261 


Late Intervention with Beta Blockade 
Beginning with the Norwegian Multicen 

of timolol in 1981,? reliable data docume: 

value of 8 blockade in myocardial infarctit 


to accumulate, The literature now cons S 


than 50 placebo-controlled trials involving m 
40,000 patients. f 
This brief review discusses the mipi 


these findings as they relate to differen 


treatment. 


Reduction in Mortality 


The major observations, reported. 
scribed a reduction in mortality with use 
after acute myocardial infarction. The 


ae cite Esp in the large. Norwegi not 
higren's:Hospital, Góte- -$i 36%. reductior | 





2l the average reduction i in mor. 
in v the —— rate is 24%, 


was EE at a a iE pue within 24 4 ho 

onset of symptoms, and was followed by oral 

for the duration of the 15-day study period. 
The Me add in mortality pen then n 


"imolol; ‘all agents “without j intrinsic | 
ivity There i is no evidence that cardio- (Fig. 3). The tpe —— ders cn — 
ays any signi icant role. in efficacy. which would have been reduced 359; with meto 
treatment to 4.5%. Instead, the placebo. mortali 

n 9%, which treatment reduced t to 4. — E 


Trial at 7 — "Because “of ‘the vr nip i 
in the ISIS trial, the results here were signifi 
Pooled results: When the data from all p 
early intervention studies? are pooled (a ti 
lere was ificant) trials involving about 27,000 patients) the samer 
wi h metoprolol. 3T T re |  — demonstrated, a difference in mortality of 
: "EE. eC tween treatment with 8 blockers and placebo (p 
High- versus low-risk patients: The redi 
mortality in the MIAMI trial was lower than e: 


ary properties 


Placebo: 62 (8.9 


pr 0024 . 
Metoprolol: A i5: 79i 


Cumulative number of deaths 





16. 
Trialday 


Tre MIAMI Trial 


High risk 
in = 2038) 


Low nsk 
in z 37400 


d iubgroups. ot patients. dn the Goteborg Metoprolol 


he Metoprolol in Acute Myocardial Infarction Trial (Mi- | 
isk = 3 or more of the following 8 risk predictors: age 


median); abnormal electrocardiogram at entry; history 
zardial infarction, ; angina pectoris, congestive heart failure, 
n or diabetes; long- or short-term treatment with diuret- 
cardiac glycosides before randomization; Low risk — 2 
of the 8 risk predictors. (MIAMI trial data reproduced with 
ion from Eur Heart 4.5) —— 


se there were more low-risk patients in the study 


ion and fewer older patients and patients with 
isting cardiac complications. Among a subgroup | 


or sicker patients, we found a 30% reduction 
ty with metoprolol, which seems to support 
esis that the impact of early 8 blocker treat- 
iortality after myocardial infarction is great- 
ik than in low-risk patients. In fact, the 
vation, has been. made in most — 


ment. In the ^ 
[within 7 hours) significantly reduced the. 


"7 8 9 39 M LE 13. 1 
Days : 


FIGURE 5. Cumulative number of patients with, an 


early-phase ventricular fibrillation i in the Göteborg N Me 


Prevention of early infarction: Early int 
by 8 blockade also reduces the rate of infar 


IAMI trial, very early sta 


of the initial infarction. Among all patient 
a lower reinfarction rate in the metoprolo 
tients than in those receiving placebo was 


the Góteborg trial, similar significant effe 
tained regarding the initial infarction, an 


farction occurred far less frequently i in pati 
with metoprolol. | 
how laven tete and —— a Otel 





» Number of Events 


Placebo : Metoprolol 
.. (7-147) |. (n7 154) 


O14 More than 1 event occurred in many patients. 


fie 2-68 Prom 14% to 18% of patients 
from treatment in the Norwegian, Gé- 
erican trials because of contraindica- 
ber withdrawn from the various 

1€ for the placebo and the @- 


ns fe Wildravenk frorà B blocker 
ypotension and bradycardia. Some pa- 
ys have to be withdrawn for these rea- 


ive heart failure and atrioventricular 


jor contraindications, will not occur if we 
ngo ae with. ihgse conditions 


i S tthe — poke con- 
! —— effect of 8 blockade and added 


al reinfarction and mortality. were simi- 
ported in the o other, peers studies. The 


urthermore, there — no pss am aputa- 


! class I (no adverse effects or 


tions}. Patients in the metop 

age more days in class I than dic 

group, who spent more days” 

classes (those with atherosclerotic co: 

difference was significant at p «0. 03. M 

taking placebo than metoprolol went back to W 
an examination of the total number of days spe 
work during the 3 years of follow-up showec 
work attendance among those taking melon 


Conclusions 


When one considers the effect of 6 blo 
mortality and morbidity, their effect on qu 
and their tolerability, there appears to be go 
to administer 8-blocker therapy when treating p 
with myocardial infarction. About 80% of patie 
be so treated, with perhaps 10% withdrawn becat 
adverse effects. Beta blocker therapy can reduc 
tality and reinfarction by 20% to 25%, as show 
pooled data from all published long-term stud 
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Discussion 


Juestion; What are the benefits of having a slower heart 
ttained at the height of ST depression during angina 
he use of a B blocker? 


r Pepine (Gainesville, Florida}: Heart rate is certainly 
the major determinants of myocardial oxygen con- 
If heart rate is high at the height of ischemia, there 


hood of making the ischemic episode worse. A - 


rt rate at the height of an ischemic episode may 
h oth the duration of ischemia and perhaps the mag- 


| mination of ambulatory monitoring tapes shows that 
t rate often increases during the ischemic episode. In 
words; heart rate is stable when the ST segment begins 
some depressed, but by the time depression reaches 
num level, the heart rate will have increased by ap- 
mately 10 beats/min. This has the potential to make the 
nic episode worse. It is like waiting until you get angina 
ien exercising. Pretreatment with a 8 blocker prevents 
of the rise in heart rate that occurs during the ischemic 


Shell: A series of — done in the early 1970s 

y showed that the single worst thing that can be done to 
hemic area is to increase the heart rate. This increases 
e of the ischemic zone, alters the threshold for ventric- 
ibrillation, and increases infarct size—all the bad 
However, 1 area that has not been examined in any of 
ork on silent ischemia is what factors initiate ischemic 
3 às opposed to those that propagate them. What makes 
chemic event longer? I believe Dr. Pepine is asking us to 
r the possibility that if the heart rate is kept low in any 
ischemic episode, the duration of the ischemic episode 

| decreased. 


. Morris (Durham, North Carolina): We know that, in 

its who have had an uncomplicated myocardial infarc- 

shemia can be detected by treadmill testing and by 

onitoring. Is there any crossover in the information 

d? Are the results concurrent, or disparate? Do we 
measurements in all patients? 


0 n (Stony Brook, New York}: On the basis of re- 
eral studies, the conclusion seems to be that if 
est is negative. and. the patient does not have 

ji sangina: 1 then the e yield from. SOT moni- 


to exercise testing probably does not add 
we have 3 patients from a different pop 
negative exercise tests and positive Holter 
women with atypical chest pain. We don 
interpret these findings at the moment. 
nitrates for these patients, but they will i res 
channel blockers. 


* = * 


race activity — — of vente ula ar 


M 


better identify the high-risk patient. 
Dr. Shell: In terms of detection of ischemit 


we need a detection algorithm that will includ p 


population who are not currently identified as 
tery disease or ischemic heart disease patient 
my between that group and. postinfarction n 1 
ating. 


Dr. Morris: This is true, although the grou M 
upon now is the postinfarction population. Spec 
want to know if the limited treadmill test is su 

tion in the postinfarction patient with an: ne 


infarction. 


Dr. Gottlieb (Baltimore, Maryland): The [5 
ty in the patients we studied, who were all high 
was 18%, higher than in any of the other st 


- that were reported today. Of the 44 patients: w 


get on an exercise treadmill, only 1 patient died 
12 in the group who were unable, for what: 
walk on a treadmill. The difference between 
was highly significant. The advantage of. Holt 
is that it can be applied to all patients. . 
At es time this yen was done, we awe 





‘ponding n Br mae be. This i is the 
needed. In other words, in the group 
tions of over 40%, is any incremental 

obtained from an. ischemic response on Holter 
-that been known. in the study just de- 
6 patients out of 100 with positive Holter 
been singled out. 


son (Göteborg, Sweden}; I would like to be a 
id: ask if it really matters to do Holter moni- 
se stress testing among. most patients after 
tion. I think we should put all patients on a 
sonsideration. of certain contraindications. 
en effect, whether or not the patient has ST 
zl or not he has | ud All dd should 


hese measures, what. more can we do after 

lolter monitoring or exercise stress tests? Cur- 

atient has symptomatic chest. pain despite 

tn ent, we perform bypass surgery. We have no 

it on patients without pain who have bypass 
ne or revascularization. - : 


nt: Data from he CASS study may answer the 
> recommended treatment for the patient with 
o. pain. These patients are in a higher risk 

y hould probably benefit from. ‘surgery. 


qu sation concerns the definition. of i impair- 
On the | basis of f treadmill e exercise test- 


'o ld nis to have the eS comment on n how 
silent. ischemia will relate: to this y very y difficult 


ing more i ois. we are investigating o corona 

my sooner, we have angioplasty now, and we are. taki g 
of areas associated with risk. What is going to happen to 
B-blocker trials? Are they valid? Should people still be t 
beta blockers postinfarction? 


Dr. Hjalmarson: I think it makes sense to combi 
regimens, thrombolytic treatment and revascularizati 
side and 8 blockers to reduce myocardial demand o 
other. We have to be aware of the fact that even wi 
ful thrombolysis, we still have difficulty seeing pa 
viously occluded vessel, and dilatation or bypa 
may be needed. With 8-blocker treatment, we can delay 
process and maybe save time for the patient before thre 
lysis or mechanical revascularization can be reachei i 

The TIMI 2 trial focuses on this fact. There are 
treatment arms in this trial, with patients receiving com 
tion metoprolol plus TPA (tissue plasminogen activat 
different regimens, depending on entrance criteria. In 
borg, we perform a trial in which treatment with metop: 
combined with TPA or placebo is started within 3 ho 
onset of chest pain suggestive of infarction, even begi 
in ambulatory patients still at home. I am not sure w 
final answer will be but the trial addresses the quest 
the therapeutic value of TPA when added to early 8-blo 
treatment. An analysis of the cost of treatment ds. 
important. 


Participant: In the TIMI trial, however, every vbo 
getting metoprolol when they leave the hospital, so the 


of long-term f-blocker therapy will not be addressed 


Dr. Cohn: You are forgetting one thing, though, and 
is, by definition, thrombolytic therapy has to be admini 
within a certain period of time, whereas 8-blocker tre 
does not. So all patients who are not candidates for th 
lysis can still benefit from 8 blockers. I think in most st 
patients are not seen within the short time period req 
for thrombolysis. Most of them probably are too la 
thrombolytic therapy. 


. Dr. Shell: I look at this slightly differently. ie view 
blocker trials as 2 kinds of trials, those concerned with 
tion of infarct size and these concerned with prevent 
infarction. The Géteborg trial is an infarct size reductio 
and the BHAT trial was a prevention trial. They bo: 
application to clinical practice. When you have a p 
with a myocardial infarction, you essentially have ar 
case for a patient who is likely to have a recurrent « 
either a myocardial infarction or sudden death, ove 
years. This is the group of patients in whom 8-blo 
therapy makes rational sense. When there are data t 
relatively convincing on a scientific basis, and can be 


_olated | to ee care, — is worthwhile t to conduct Ly 
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yéersenstiyà to: — is an absolute contraindication. In this 
itivity to procaine. and related drugs must be borne in mind. 

ot be administered to patients with complete atrioventricular heart block. 

ases of second degree and third degree A-V nodal block unless an 


— are most kely to occur — the firgt three months of therapy. 
— counts should be done atleast every two weeks and thereafter at 


uis anexplained fever, or Sonne of an upper respiratory tract infection. H 
ur and — blood count indicates a granulocyte depression, —— 


es; —— not abolish, this danger it —— damage exists. ventricular tachysystole 

icularly hazardous. Correction of atrial fibrillation, with resultant forceful contractions of the 

causea dislodgement of mural thrombi and produce an embolic episode, However, 

bee iggestedt that, in a patient whois already discharging emboli, procainamide is more 

sto anto aggravate the process. 

its to ac justi the heart rate in a patient who has developed ventricular tachycardia during 

occlusive coronary episode should be carried out with extreme caution. Caution is also required 

d disturbances of atrioventricular conduction such as AV block, bundle branch block, or 

digitalis intoxication, where the use of procainamide may result in additional depression of 
tion and ventricular asystole or fibrillation. 

use patients with severe organic heart disease and ventricular tachycardia may also have 

mplete heart block, which is difficult to diagnose under these circumstances, this complication 

ways | be kept in mind when treating ventricular arrhythmias with procainamide. If the 

itar rate is significantly slowed by procainamide without attainment of regular atrioventricular 

on, the drug should be stopped and the patient reevaluated since asystole may result 


tients receiving normal dosage, but who have both liver and kidney disease, symptoms of 
sage (principally ventricular tachycardia and severe hypotension) may occur due to drug 


potension can result from peripheral vasodilation and from decreases in cardiac 
high. plasma levels, procainamide may produce sinus tachycardia due to reflex sym- 
response toits hypotensive effect. Large doses may increase cardiac automaticity and 
— atrioventricular — cardiac standstil, or ventricular — that may 


duction of ANA appearstobe Deci of dosage. Patients with procainamide- 


eases in ANA titers may develop a syndrome resembling systemic lupus. 


(SLE). The mechanism of this syndrome is uncertain. Polyarthraigia, arthritic 
ititic pain are common symptoms; to a lesser extent fever, myaigia, skin lesions, 
pericarditis; headache, fatigue, weakness, nausea and abdominal pain may occur. 


ombocytopenia, Coombs positive hemolytic anemia, increased SGOT, SGPT. and 


ebeen reported which may be related to this SLE-like syndrome. 
d that tests for systemic lupus erythematosus be carried out at regular intervals 
naintenance or prolonged procainamide therapy. The drug shouid be 
ising ANA titer of clinical symptoms of SLE appear. The SLE-like syndrome 
iscontinuation of the drug. 1f discontinuation does not cause remission 


— peer may! be effective L ihe SLE-like dogs develops! ina 


vp ew roe Swallow them whole. 2 Take 
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this medicine exactly as directed by your. doctor Do no 
medicine than ordered. Do not stop taking this medicine 
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aches, as well as any soreness of the mouth, throat or gums, unexple 
bleeding or bruising, symptoms that resemble arthritis, or symptoms 
infection. 5. Do not be concerned if you occasionally notice in your S st 
atablet. In Procan SR tablets, ihe drug is “held” in a wax core that has bi 
slowly release the drug for your body to absorb. When this process 
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container tightly closed and store in a cool, dry place. 
Laboratory Tests — Patients receiving procainamide for adended: periods 
symptoms suggestive of a lupus-like reaction appear, should have. a 
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Routine blood counts are advisable during maintenance pro 
WARNINGS for additional information. 
Plasma corcentrations of procainamide and NAPA should be monitor 
disease, hepatic disease, cardiac failure, or low cardiac output states. 


Drug interactions: 1. Antiarrhythmics: Concurrent use with procaina 


cardiac effects and/or additive toxic effects. 2. Anticholinergics: Procai 
anticholinergic effects. Extreme caution must be exercised with. such à comb 
cholinesterases: Procainamide antagonizes the effect of anticholinestera 
gravis, and paralysis returns. 4. Antihypertensives: Procainamide may 
hypotensive effects of thiazide diuretics and other antihypertensive agents. Adj 
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H,-receptor antagonists such as cimetidine and ranitidine reduc ren 
procainamide and NAPA, resulting in higher plasma concentrations for longer 
should be exercised when administering these drugs concurrently, espacially 
have a reduced ability to clear all three. Dosage modification may be required. 
Blocking Agents: Procainamide potentiates the effects of skeletal muscle 
succinyicholine. tt also may enhance or prolong the neuromuscular: blocking acti 
colistimethate, dihycrostreptomycin, gentamicin, gramicidin, kanamycin, neo 
B, streptomycin, anc viomycin, producing respiratory: depression. =< 
Pregnancy —Pregnancy Category C. Animal reproduction studies have not been 
procainamide. it is also not known whether procainamide can cause fetal: harm! wW 
to a pregnant woman or can-atfect reproduction capacity. Procainamide shoi 
pregnant woman ordy if clearly needed. 
Nursing Mothers — Procainamide and its major metabolite, NAPA, have beenide 
milk. Cautionshould be exercised when procainamide is administered to a nursi 
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PRECAUTIONS): 2. Hypersensitivity reactions: a. Angioneurotic edema; b. Maculopi 
rash; c. Fever; d. Eosinophiia; e. Hypergammagiobulinemia. 
infrequent: 1. Granuiocytopenia, sometimes resulting in death (See 

2. Convulsions; 3. Psychosis with hallucinations, 4. Confusion; 5. Mem 

6. Giddiness; 7. Lightheadedness; 8. Weakness; 9. Bitter taste. — 
Rare: 1. Hypotension, 2. A case was reported with fever and chills. plus nau l 
abdominal pain, acute hepatomegaly, and a rise in serum glutamic oxaloacetic 
following a si ingle dose of the drug. 
OVERDOSAGE: Signs and Symptoms: Severe hypotension, venticuarfibrilatio 
QRS complex, junctional tachycardia, intraventricular conduction: delay. 
confusion, nausea, and vomiting. S 
Treatment: f ingestion is. recent, emesis, activated charcoal, or gastric lavar 

absorption. Dopamine, phenylephrine, or levarterenol may be helpful in te 
hypotensive responses. ; 

Management of overdosage includes symptomatic treatment with ECG and blood pri 
monitoring. Procainamide toxicity can usually be treated, if necessary, by admin 
vasopressors after adequate fluid volume replacement. Intravenous infusion of U6 molar 
lactate injecton reportedly reduces the cardiotoxic effects of procainamide. — 
if procainamide toxicity causes severe hypotension and renal insufficiency, urinary el 

of — and RAS is decreased, and bigis may be — Hem 


hydrochloride recovered after treatment consisting of IV levarterenol, iVfurosen coms 


volume expansion with albumin, and hemodialysis. Also reported is the case of 
who recovered after ingestion of approximately 19 grams of procainamide f h 


patient was treated with. iV isoproterenol and iV daba cien The lattor. re ap 


grade AN block develops. 
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"packages at controlled room temperature, 15°-30°C {(59°-86°F) T 


Caution — Federal ‘aw proh;bits eee without preso 


PARKE-DAVIS 


Division of Warner-Lambert Company 
| Morris Plains, New Jesey oe 





oe 


1 
: 
A 


Written by three leading authorities on the use of chemotherapeutic agents 


Lt mage ee Be 


Richard T. Silver, M.D. Charles I. Jarowski, M.D. 

Chief, Section of Oncology, Chemotherapy Clinical Assistant Professor of Medicine, 
Research Cornell University Medical College 
Division of Hematology-Oncology Assistant Attending Physician, The New. 
Former Vice-Chairman, Cancer and York Hospital 

Leukemia Group B. 


Clinical Professor of Medicine, Cornell : . Y. of 
University Medical College With an introduction by 


Attending Physician, The New York Hospital — Larry Norton, M.D. 
Associate Professor of Neoplastic Diseases, 
R. David Lauper, Pharm.D. Mount Sinai School of Medicine 
Associate Director Professional Services, Associate Attending Physic cian, Mount Sinai: 
Cetus Corporation Hospital E 


Continuing developments in clinical chemotherapy since 1977 have 
encouraged us to prepare this second edition. — 
The need for a book of this kind has increased because of the larger 
number of oncologists, general internists, nurse — clinical | 
aptum ig students and. : “este 


i ty of oT : — — 
— and 1 |. YORKE ME DICAL BOOKS 
"Other ı new ! ; Box C- 757, S NY 11205 


THERAPY at only. $3 5.00. I may "use the book for 30 days and, 
completely satisfi ed, return it for full credit or refund. | 


a oe net | es. pays shipping cost. 





B. Greg Brown 
red E. Buxton 


Richard O 

Agustin Castellanos 
‘Bernard R. Chaitman 
‘John S. Child 

Peter F. Cohn 

+C; Richard Conti 

» Michael H. Crawford 
‘Robert F, DeBusk 

| Pablo Denes 

| John P. DiMarco 

- Pamela S. Douglas 
"George A. Diamond 
Myrvin H. Ellestad 
Stephen E. Epstein 
Harvey Feigenbaum 
Robert L. Feldman 


Brian G. Firth 
Gerald Fletcher 


"Valentin Fuster 
William H. Gaasch 
‘William Ganz 


onard 


Joel Morganroth 
Arthur ]. Moss 
Robert J. Myerburg 
Navin C. Nanda 
Robert A. O'Rourke 
Alan S. Pearlman 
Carl |. Pepine 
Joseph K. Perloff 
Bertram Pitt 

Philip J. Podrid 
Richard L. Popp 
Charles E. Rackley 
Nathaniel Reichek 
Robert Roberts 
Allan M. Ross 

ohn Ross, jr. | 
Nelson B. Schiller 
Melvin M. Scheinman 
Ralph Shabetai 
Pravin M. Shah 
Florence H. Sheehan 
Richard S. Shulman 
Bramah H. Singh 
John C. Somberg 
David H. Spodick 
Andrew G. Wallace 
Richard A. Walsh 
James T. Willerson 
John R. Wilson 
Barry L. Zaret 


INFANTS AND CHILDREN 


Bruce 8. Alpert 
Lionel M. Bargeron 


D. Woodrow Benson. |r. 


Arthur Garson, Jr. 
Warren G. Guntheroth 
Howard P. Gutgesell 
James E. Lock 

Barry ]. Maron 

L.H.S. Van Mierap 
Lowell W. Perry 
Amnon Rosenthal 
David J. Sahn 
Stephen Sanders 
Norman H. Silverman 
Roberta G. Williams 
Grace S. Wolff 

R. Zuberbuhler 


CARDIOVASCULAR SURGERY 


Harvey W. Bender, ]r. 
Lawrence I. Bonchek 
Aldo R. Castaneda 
Lawrence H. Cohn 
James L. Cox 

Charles R. Hatcher, |r. 
Robert H. Jones 
Robert B. Karp 

Floyd D. Loop 


H. Newland Oldham, lr. 


Albert D. Pacifico 
Bruce A. Reitz 
Robert B. Wallace 
Andrew S. Wechsler 


L. Maximilian Buja 
Victor J. Ferrans 


—E 





F The First Practical Atlas of 
: 2-D — — 
Ever Published 





_ Atlas of 2-Dimensional 
Echocardiography 


by Alfredo Palacio, MD 

Director of National Institute of Cardiology. Guayaquil. Ecuador 

Foreword by David H. Spodick, MD, DSc 

Professor of Medicine. University of Massachusetts Medical School: 

Director, Division of Cardiology. St. Vincent Hospital, Worcester. Massachusetts 
ISBN 0-914316-35-4, 198 pp. illus., large format 8'4 x 12, March '83, $69.00 
2-dimensional echocardiography complemented by M-mode echo- 
cardiography has become one of the most common noninvasive 
diagnostic tools used by the cardiologist. With publication of the 
ATLAS OF 2-DIMENSIONAL ECHOCARDIOGRAPHY, neophyte 
and expert alike now have available to them the most truly 
usable didactic presentation of the subject ever published. 


A true atlas, this book provides in a large 8% x 12 format 251 
black and white half tones, 152 line drawings and 6 
charts which illustrate in exacting detail how to perform and in- 
terpret 2-dimensional echocardiograms on patients with existing 
and/or suspected heart disease. The lucid accompanying text 
leads the reader step-by-step through the entire process, leaving 
little to the imagination. It presents in the most simple, direct 
way possible the broadest range of normal and abnormal 
2-dimensional echocardiograms. The descriptions and detailed il- 
lustrations in its technical sections will ensure the superior level of 
performance of echocardiographic techniques that is a sine qua 
non for good results. 
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A Desirable Balance of Efficac 


OP D 300 mg 
gemfibrozil capsules, USP) 


Lopid is indicated for treatment of adult patients 
with very high serum triglyceride levels in hyperlipoproteinemiz 
other than type I who presenta risk of pancreatitisand =~ 
who do not respond adequately to diet. 
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with Patient Acceptance 


Effica Lopid reduces synthesis” and increases clearance 
of triglyceride-rich VLDL.?? 


Patient acceptance Lopid has a very low order of side effects 
and has demonstrated limited effects on clinical and laboratory 
evaluations.* 


Convenient BID dosage Iwo 500-mg capsules 
taken 50 minutes before morning and evening meals help ensure 
patient compliance. 


Diet, exercise, and weight loss are the first choice in therapy of lipid disorders. 


PARKE-DAVIS 


Please see next page for references and a brief summary of prescribing information. 


actio and less frequently in the iow — DOR (LDL) fraction. it has been 
tex hat LOPID may increase tevels of high density lipoprotein (HDL) subfractions, 
à sand HDLs as WE as apolipoproteins A^ and All. Epidemics studies have shown 


nary neen disease. ti is not xe Vici viae pharmacological interventions designed 
i — dus: to — heart disease. 


S educing hepatic: triglyceride. prot 
eo! VLDL carrier apolipoprotein B — ioa —— in VLDL production. 
al studies suggest that LOPID : * in addition to elevating HDL cholesterol, reduce 
oration of tong-chain fatty a 
emoval of cholesterci t from the ver. x andi increase — of cholesterol in the feces. 
ell a 


appear. ar proportional to dose and do ol demonstrate accumulation 
lowing multiple: doses. 
nly undergoes oxidation ofa ring methyl group to successively form a hydroxy- 
hyl'and à carboxyl metabolite. Approximately seventy percent of the administered 
nan dose is excreted in the urine, mostly as the glucuronide conjugate, with less than 2% 
xcreted as unchanged gemfibrozil. Six percent of the dose is accounted for in the feces. 
n.a large, controlled multicenter trial of 427 patients, lipid and lipoprotein changes from 
verage baseline (96) by hyperlipoproteinemic (HLP) type are summarized below for those 
— receiving gemfibrozil, 7200 magiday, at the end of 12 weeks. 


TRIGLYCERIDE CHOLESTEROL T RATIO 


Bi Ku EE * ae 


~ 44.3% -5.84 +246% 
~ 45.0% -6 49 +19.5% 
-405 +146% 417 406 


TIONS AND USAGE. The initial treatment for hyperlipidemia is dietary — spe- 
the type of hyperlipoproteinemia. Drug therapy should not be used for the routine 
nent of elevated blood lipids for the prevention of coronary heart disease. Excess body 
ight and excess alcoholic intake may be important factors in hypertriglyceridemia and 
uid be addressed prior to any drug therapy. Physical exercise can be an important 
ciliary measure. Contributory diseases such as hypothyroidism or diabetes mellitus should 
be looked for and adequately treated. The use of drugs should be considered only when 
easonabie attempts have been made to obtain satisfactory results with nondrug methods. if 
i decision is to use drugs, the patient shouid be instructed that this does not reduce the 
mportance of adhering to diet. 
yue of chemical, pharmacological, and clinical similarities between gemfibrozil and 
and the adverse findings with clofibrate in two large clinical studies (see Warnings), 
Use ot gemfil ibrozil should be restricted to the following indications. 
LOPID may be considered lor the treatment of adult patients with very high serum triglyc- 
de'levels (type IV or type V hyperlipoproteinemia) who present a risk of abdominal pain 
d ‘pancreatitis and who do not respond adequately to a determined dietary effort to control 
em; Patients with triglyceride levels in excess of 750 mg per deciliter are likely to present 
Fisk. LOPID has little effect on elevated cholesterol levels in most subjects. A minority of 
acts show a more pronounced response. Therefore, the physician should be very selec- 
ind confine gemfibrozil treatment to patients with clearly defined risk due to severe hyper- 
olesterolemia (eg, individuals with familial hypercholesterolemia starting in childhood) who 
lequately respond to appropriate diet and more effective cholesteral-lowering drugs. 
IPID is not useful for the hypertriglyceridemia of Type | hyperlipidemia. 
The biochemical response to gemfibrozil is variable, and it is not always possible to predict 
rom the lipoprotein type or other factors which patients will obtain favorable results. Rises 
tial thatlipid levels be assessed and that the drug be discontinued after three months in 
patient in whom lipids do not show significant improvement. 
< The effect of gemfibrozil-induced reduction of serum cholesterol or triglyceride levels or 
evation of HDL cholesterol levels on. morbidity or mortality due to coronary heart disease 
ot been established. Several years may be required before ongoing long-term investi 
gations will resolve this question. 
; — 1, Hepatic or severe renal dysfunction, including primary biliary 


£ — ‘Because of chemical, pharmacological, and clinical similarities between 

OZ anid clofibrate, the adverse findings with clofibrate in two large clinical studies 
; apply to gemfibrozil. In the first of those studies, the Coronary Drug Project, 1000 
previous —— infarction were treated for five years with clofibrate, there 


iting surgery. inthe other Mud conducted by the World Health Organiza- 
i coronary heart disease were treated with clofibrate for five 
: e year rbe eyond. There was a statistically significant 36% higher total 
; tora died than in a comparable placebo-treated control group. The 
| y was: due to nongardiovascular Causes, inciudi ng bricks uc 


ri iter incidence. ol 


Elec ron microscopy y studies a de ns 


given in conjunction with LOPID. The dosage ofthe: 

maintainithe prothrombin time at. ihe desired level to. prevent eed: 

quent prothrombin determinations are advisable until it has been. de 

the prothrombin level has stabilized. — 

PRECAUTIONS. 1. Initial Therapy— Before instituting LOPID thera 

be madeto control serum lipids with appropriate diet, exercise, weight loss 
and other medical problems such as diabetes mellitus and hypothyroic 

2. Continued Therapy — Pretreatment laboratory studies should be p 
that patients have abnormal levels of serum lipids. Periodic determinatio; 
should be obtained during LOPID administration. The drug should be wi hdra\ 
months ifthe lipid response is inadequate. — 

3. Impairment of Fertility — Administration of approximately. three. aid: ts 
human dose to male rats for 10 weeks resulted in a dose-related decre 
quent studies demonstrated that this effect was reversed after a drug: tree 
eight weeks, and it was not transmitted to their offspring. 

4. Pregnancy Category B — Reproduction studies have been perlorme ár 
3 and 9 times the human dose, and in the rabbit at 2 and 6.7 times the human dose. 
studies have revealed no evidence of impaired fertility in females or harm to the 
LOPID. Minor fatotoxicity was manifested by reduced birth rates observed at the high 
levels. No:significant malformations were found among almost 400 offspring from: 36 
rats and 100 fetuses from 22 litters of rabbits. 

There are no studies in pregnant women. In view of the fact that LOPID is tumi 
male rets, the use of LOPID in pregnancy should be reserved for those patients whel 
benefit clearly outweighs the possible risk to the patient or fetus. ! 

5. Nursing Mothers — Because of the potential for tumorigenicity shown for ge 
maie rats, a decision should be made whether to discontinue nursing or discontinue 
drug, taking into account the importance of the drug to the mother. E 

6. Hematologic Changes — Mild hemoglobin, hematocrit and white blood c: ita 
have been observed in occasional patients following initiation of LOPID therap 
these levels stabilize during long-term administration. Therefore, periodic blood co 
recommended during the first 12 months of LOPID administration. 

7. Liver Function — Abnormal liver function tests have been observed occásio | 
LOPID administration, including elevations of SGOT, SGPT, LDH, and alkaline phosr 
These are usually reversible when LOPID is discontinued. Therefore periodi 
studies are recommended and LOPID therapy should be terminated if —— — 

8. Use in Children — Safety and efficacy in children have not been. established. . 
ADVERSE REACTIONS. in controlled clinical trials of 805 patients, including 245 wh 

ceived LOPID for at least one year, the most frequently reported ; adverse reactions a ‘ 
ated with LOPID involved the gastrointestinal system. In decreasing order of frequency, 
these were:sibdominal pain (6.0%), epigastric pain (4.9%), diarrhea. (48%); nausea (4. 
vomiting (1:596). and flatulence (1.1%). Other adverse reactions where the probability. 
causal relationship to LOPID therapy exists are listed by system. 
integumentary: rash, dermatitis, pruritus, urficaria 


Central Nervous System: headache, dizziness, blurred vision 


Musculoskeletal: paintul extremities 
Hematopoietic: anemia, eosinophilia, leukopenia 
Other reactions have been reported under conditions where a causal relationship i$ 
difficult to establish, thus the physician should be alert to these occurrences. Reports. 
and bacterial infections (common cold, cough, and urinary tract infections were mort 
common in gemfibrozil than in placebo-treated patients. i 
Other reactions were: 
Gastrointestinal: dry mouth, constipation, anorexia, gas pain, pioneer — 
Musculoskeletal: back pain, arthralgia, muscle cramps, myalgia, swollen: joints, m jo 
Central Nervous System: vertigo. insomnia, paresthesia, tinnitus in 
Clinical Laboratory: nypokalemia, liver function abnormalities (increased SGOT, SGPT 
LDH, CPX, alkaline phosphatase) 
Miscellaneous: fatigue. malaise, syncope, alopecia 
DOSAGE AND ADMINISTRATION, The recommended dose for adulte is 1200 mg adminis 


will experience therapeutic effects on 900 mg/day; a few may require 1500 mg/day tor- 
satisfactory results. 

DRUG INTERACTIONS. CAUTION SHOULD BE EXERCISED WHEN ANTICOAGULANTS - 
ARE GIVEN IN CONJUNCTION WITH LOPID. THE DOSAGE OF THE ANTICOAGULANT 
SHOULD BE REDUCED TO MAINTAIN THE PROTHROMBIN TIME AT THE DESIRED — ~ 
LEVEL TO PREVENT BLEEDING COMPLICATIONS. FREQUENT PROT HROMBIN DETER- - 
MINATIONS ARE ADVISABLE UNTIL IT HAS BEEN DEFINITELY DETERMINED THAT THE - 
PROTHROMBIN LEVEL HAS STABILIZED. 5 
MANAGEMENT OF OVERDOSAGE. While there has been no reported case of — : 
symptomatic:supportive measures should be taken should it occur. 
Caution — Federal law prohibits dispensing without prescription. 
February 1987 


REFERENCES 1. Kashyap ML: The effect of gemfibrozil on plasma lipids ; and pop otein dm 
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GIVE THE 
- IFT OF MORE ACTIVE 


INHIBITOR 
INDICATED [ V IN e 
FOR 
HEART 
MEURE CAPOTEN enhances patients quality of life 


L] CAPOTEN relieves major L] Use CAPOTEN when 
heart failure symptoms, improves symptoms persist despite digitalis 
functional capacity. and diuretic therapy. 


ACE INHIBITOR 


" IN HEART 
(APOTEN MEA 
YOUR FIRST CHOICE 


AFTER DIGITALIS AND DIURETICS 


“Angiotensin. Converting Enzyme 


TCAPOTEN is indicated in patients with heart failure who have not responded 
adequately to or cannot be controlled by conventional diuretic and digi- 
talis therapy. CAPOTEN is to be used with diuretics and digitalis. In using 
CAPOTEN, consideration should be given to the risk of neutropenia/ . 
agranulocytosis. Use special precautions in patients with impaired renal 
lunction, collagen vascular disorders, or those exposed to other drugs 
(e.g. , procainamide) known to affect the white cells or immune response. 
Evatuation of heart failure patients should always include assessment of 
renal function, See INDICATIONS, WARNINGS, and ADVERSE REACTIONS 
in the brief summary on the adjacent page. 





: jos a= -c APOTEN (apap is is indicated for theu treat- = 


< partic ularly aoe * paren — prec 

€ rese for t those who. have either developed unacceptable side 
rugs, or have failed to respond satisfactorily to drug combinations. 
TR alone andi in n combination with other antihypertensive agents, 


n not —— adequately i to or cannot ya controlled pie conventional diuretic 
gitalis therapy. TEN is to be used with diuretics and digitalis. 


S: Neutropenis/ Agranuic s — Neutropenia (-1000/mm?) with 
ypoplasia has resulted from use of —— About half of the neutropenic 

* ped systemic or oral cavity infections. or other features of thesyndrome 
ocytosis. The risk of —— is dependent on the clinical status of 
D i 


f bend fecal ——* neutropenia occurred i in H 7% of patients in clinical trials. 
‘While. none of the over 750 patients in formal clinical trials of heart failure 
` developed neutropenia, it has occurred during subsequent clinical experience. Of 
reported cases, about half. had serum creatinine = 1.6 mg/dL and more than 75% 
received procainamide. In heart failure, it appears that the same risk factors for 
neutropenia are present. 


s Neutropenia has appeared usually within 3 months after starting — associated 
-with myeloid hypoplasia and frequently accompanied by erythroid hypoplasia and 

decreased numbers of megakaryocytes (e.g., hypoplastic bone marrow and pancyto- 
. penia); anemia and thrombocytopenia were sometimes seen. Neutrophils generally 


~ returned to normal in about 2 weeks after captopril was discontinued, and serious 


; infections were limited to clinically complex patients. About 1396 of the cases of 
-neutropenia have ended fatally, but almost all fatalities were in patients with serious 
illness, having. collagen vascular disease, renal failure, heart failure or immunosup- 

' pressant therapy, or a combination of these complicating factors. 


sive or heart failure patient should always 


—— white blood cell and differential counts should be evaluated 
ting treatment and at approximately 2-week intervals for about 3 months, 
“periodically. In patients with collagen vascular disease or who are exposed to 
ther drugs known to affect the white cells or immune response, particularly when 
there is impaired renal function, captopril should be used only after an assessment of 
benefit and i risk, and then with caution, All patients treated with captopril should be 
old to report any signs of infection (e.g., sore throat, fever); if infection is suspected, 
perform counts without delay. Since discontinuation of captopril and other drugs has 
generally led to prompt return of the white count to normal, upon confirmation of 
“neutropenia (neutrophil count —1000/mm?) withdraw captopril and closely follow 
the patient's course. 


Proteinuria — Total urinary proteins ^1 g/day were seen in about 0.7% of patients 
on captopril. About 90% of affected patients had evidence of prior renal disease or 
received high doses (^150 mg/day), or both. The nephrotic syndrome occurred in. 
bout one-fifth of proteinuric patients. In most cases, proteinuria subsided or cleared 
within 6 months whether or not captopril was continued. The BUN and creatinine 
^ seldom altered in proteinuric — Since most cases of proteinuria occurred 


on — Excessive — was — seen in quM patients but 

ossibility i in severely salt/volume-depleted persons such as those treated vigorously 
etics (see PRECAUTIONS [Drug Interactions]). 

y heart failure, where blood pressure was either normal or low, transient decreases 

can blood — = were recorded i in about half of * patients. This transient 


um — d 6.25 or 12.5 mg tid may minimize the ——— effect. Patients 
be followed closely for the first 2 weeks of treatment and whenever the dose of 


š tients w euk anel — particularly. those with severe — artery 
— increases i in BUN and serum creatinine. It may be necessary 


* — preh irsk =20% shove — or —— upon hell treat- 
i than 5% of patients, generally with severe preexisting renal disease, 
cor tinuation. due to progressively i increasing creatinine. See DOSAGE 


ff ‘Seenozis— A. theoretical c concern, for risk of decreased coronary perfu- 
noted regarding vasodilator treatment in — with aortic stenosis 
d — — ait 


1 Keek — to initiation at —— erapy 
doses (6.25 or 12.5 mg). Alternatively, provide = 
after the initial dose. 


be adm: —— Sut caution. 


Agents Causing Resin Release — Captopril's effect willbe au men 
agents that cause renin release. 


Agents Affecting Sympathetic Activity — The sympathetic fie 
especially important in supporting blood pressure iti. 
alone or with diuretics. Beta-adrenergic blocking drugs add so 
effect to captopril, but the overall response is less than additi 
affecting sympathetic activity (e.g., ganglionic —— ag 
blocking agents) with caution. 


Agents Increasing Serum Potassium — Give potassium-sparing 
supplements only for documented hypokalemia, and then witl 
may lead toa significant i increase of serum potassium. Use pon 
substitutes with caution. 


Inhibitors of Endogenous Prostaglandin Synthesis vo —— 
anti-inflammatory agents may reduce the antihypertensive effect 
cially in low renin hypertension. 


Drug/Laboratory Test Interaction: Captopril may cause § a fa 
test for acetone. 


Carcinogenesis, Mutagenesis and Impairment of Fertility: T 
with doses of 50 to 1350 mg/kg/day in mice and rats failed to show any. 
carcinogenic potential, Studies in rats have revealed no impairment of fertili 


Pregnancy: Category C — There are no adequate and well-controtle: studi 
pregnant women. Embryocidal effects and craniofacial malformations were ob: 
in rabbits, Therefore, captopril should be used during pregnancy, or fo 
likely to become pregnant, only if the potential benefit outweighs the. pote 

the fetus. Captopril crosses the human placenta. 


Nursing Mothers: Captopril is secreted in human milk. Exercise cauti 
ministering captopril to a nursing woman, and, in general, nursing should be it 
Pediatric Use: Safety and effectiveness in children have not been. 
although there is limited experience with use of captopril in children from 
to 15 years of age. Dosage, on a weight basis, was comparable to that use 
Captopril should be used in children only if other measures. fer c Cot 
pressure have not been effective. : 


ADVERSE REACTIONS: Reported incidences are based on n clini à 
ing approximately 7000 patients. 


Renal — About | of 100 patients developed proteinuria (see WARNIN | 7 
sufficiency, renal failure, polyuria, cliguria,and urinary frequency in Lto 2 of 1000 

Hematologic — Neutropenia/agranulocytosis have occurred (see WARNINGS 
mia, thrombocytopenia, and pancytopenia have been reported. 


Dermatologic ~ Rash (usually maculopapular, rarely urticarial), often: wit 
ind sometimes with fever and coeinop nile i in about 4 to 7 of 100 — e 


—— of antoni hones Ones case of hc mecal edema pore 
or pallor in 2 to 5 of 1000 patients. 


Cardiovascular — Hypotension may occur, see WARNINGS and PRECA TION: 
(Drug Interactions) for discussion of bypotension on initiation of captopr at 
Tachycardia, chest pain, and palpitations each in about 1 of 100 patient 
pectoris, myocardial infarction, Raynaud’s syndrome, and congestive. hea 

each in 2 to 3 of 1000 patients. 


Dysgeusta — About 2 to 4 (depending on renal status and dose) ét. i 
developed a diminution or loss of taste perception; taste impairment is reve 
usually self-limited even with continued drug use (2103 months). Gas 
abdominal pain, — arua — — Bassin 


appear at increased — — to placebo or other treatments ee | 
controlled triats. k 


Altered Laboratory Findings: Elevations of liver enzymes in a few parei 
although no causal relationship has been established. Rarely cholestatic jaundice and E 
hepatocellular injury with or without secondary cholestasis, have been reported. AS 


transient clevation of BUN and serum creatinine may occur, especially in volume: ~ 


depleted or renovascular hypertensive patients. In instances of rapid reduction of 


longstanding or severely elevated blood pressure, the glomerular filtration rate may 


decrease transiently, also resulting in transient rises in serum creatinine and BUN. 
Small increases in serum potassium concentration frequently occur, especially i in i 
patients with renal impairment (see PRECAUTIONS). 


OVERDOSAGE: Primary concern is correction of hypotension. Volume — 
with an LV. infusion of normal saline is the treatment of choice for restoration i 
blood pressure. Captopril may be removed from the general circulation by hemodialysis 
DOSAGE AND ADMINISTRATION: CAPOTEN (captopril) should be take 


one hour before meals. In hypertension, CAPOTEN may be dosed bid or tid. | 
must be indivicualized; see DOSAGE AND ADMINIST RATION. = re ofp pat : 


HOW SUPPLIED: Availabie in tablets of 12.5, 25, 50, ie» 100 mg of 
(25 mg and 50 mg also available in bottles of 1000), and in UNIMATIC* itd $ 
packs of 100 tablets. 4 T 
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ACE inhibitor 


Zestril assures 24-hour blood pressure control with a half-life of 

almost 13 hours.’ Thats longer than that of either enalapril? or captopril. 
So angiotensin converting enzyme (ACE) inhibition with Zestril is 

longer lasting than enalapril— sustained 24 hours after a single dose.** 


ACE inhibition is longer lasting** with Zestril 
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Zestril 
(10 mg) 
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» Enalapril 
(10 mg) 
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Time (hours) —adapted from Ajayi et al, p 424* 


let of Zestril controls blood pressure for a full 24 hours’ — unlike 
other ACE inhibitors, which may have to be increased to b.i.d? or t.i.d? 
dosing in some patients. The predictable once-daily dosage of Zestril 
enhances patient compliance and cost effectiveness. 


— — — — — — — — 


: 1988 IC! Americas Inc 


Please see last page of this advertisement for 
brief summary of prescribing information. 





Zestril provides complete 24-hour control without reliance on liver 
metabolism? It does not require bioactivation?— as needed with the 
prodrug enalapril.29 Absorption is unaffected by food.? 


Zestril s 24-hour control with a low incidence of side effects. It is a 
nonsulfhydryl-containing drug. That's why rash and/or taste disturbance 
sometimes associated with the sulfhydryl-containing drug captopril” are 
rarely seen with Zestril. In Zestril clinical trials, the most frequently reported 
side effects were as follows: 


Zestril Placebo 
Side Effects (n = 2,003*) (n = 207) 


Dizziness 6.3% 1.9% 
Headache 5.3% 1.9% 
Fatigue 3.3% 1.0% 
Diarrhea 3.2% 2.4% 
Upper respiratory 

symptoms 3.0% 0.0% 
Cough 2.9% — 1.0% 


*inciudes 420 patients treated for congestive heart failure who were receiving 
concomitant digitalis and/or diuretic therapy. 


€ Only 696 of patients discontinued therapy in controlled clinical 
trials. 

e Symptomatic hypotension occurs infrequently (0.896) in patients 
with normal renal function. 


Zestril dosage in hypertension 
Starting dose is 10 mg once a day. Usual dosage range for mainte- 
nance: 20 to 40 mg per day, administered in a single daily dose. 


Please see last page of this advertisement for 
brief summary of prescribing information. | 
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INDICATIONS AND USAGE. Zestril is indicated for The treatment of hypertension Tt may be used alone as 
initial therapy or concomitantly with other classes of antihypertensive agents. In using Zestel, consideration 
should be given to the fact that another angiotensin converting enzyme inhibitor, captopal, has caused 
agranulocytosis, particularly in patients with renal impairment or collagen vascular disease. and that available 
data are insufficient to show that Zestrii does not have a similar nst (See WARNINGS ) CONTRAINDICATIONS. 
Zestni is contraindicated in patients who are hypersensitive to this product WARNINGS. Angigedema: 
Angioedema of the face. extremities, bps. longue. giottis and/or arynx has been reported in patients treated 
with angiotensin converting enzyme inhibitors, including Zestri In such cases. Zestni should be promptly 
discontinued. and the patient careluly observed until the swelling disappears in instances where swelling 
has been confined to the face and Hos the condition nas generally resolved without treatment. although 
antihistamines have been usetul in renewing symptoms Angioedema associated with laryngea: edema may 
be tatai Where there is involvement of the tongue, glottis or larynx, likely to cause airway obstruction, 
appropriate therapy, eg. subcutaneous epinephrine solution 1: 1000 (0.3 mL to 0.5 mL) should be promptly 
administered. (See ADVERSE REACTIONS.) Hypotension: Excessive hypotension was rarely seen in uncom- 
plicated hypertensive patients butis a possible consequence af use with Zestril in sal/volume-depleted persons. 
such as those treated vigorously with diuretics or patients on dialysis (See PRECAUTIONS. Drug Interactions 
and ADVERSE REACTIONS pin patients with severe congestive heart failure. with or without associated renaj 
insufficiency. excessive hypotension has been observed and may be associated with oliguria and/or progressive 
azotemia, and rarely with acute renal laure and/or death. Because of the potential fail in biogd pressure im 
these patients, therapy should be started under very close medical Supervision Such patients should be 
followed closely for the first two weeks of treatment and whenever the dose of Zeste and/or diuretics increased 

Similar considerations apply to patients with ischemic heart or cerebrovascular disease in whom an excessive 
fait in blood pressure could result in a myocardial infarction or cerebrovascular accident. Hf hypotension occurs. 
the patient shouid be placed in supine position and. if necessary. receive anintravenous infusion of norma! 
saline A transient hypotensive response is not a contraindication to further doses which usually can De given 
without difficuity once the blood pressure hasincreased after volume expansion Neutropenia/Agranulocytosis: 
Another angiotensin converting enzyme inhibitor, capopai. has been shown to Cause agranulocytosis and 
bone marrow depression. rarely in uncomplicated patients but more frequently in patients with renat impairment 
especially if they aiso have a collagen vascular disease Available data irom chnical triats of Zestal are insufficient 
to show that Zestrit does not cause agranulocytosis at similar rates. Periodic monionng of white blood celi 
counts in patients with collagen vascular disease and renal disease should be considered. PRECAUTIONS. 
General. impaired Renal Function: As a consequence of inhipbiing the renin-angiotensin-aidosterone system, 
changes in renal function may be anticipated in susceptible mdividuals. in patients with severe congestive 
heart failure whose renal function may depend on the activity of the renim- angiotensin -aidosterone system. 
treatment with angiotensin converting enzyme inhibitors, inc uding Zestril, may be associated with olgura 
and/or progressive azolerma and rarely with acute renal fadure and/or death In hypertensive patients with 
umiateral or bilateral renal artery stenosis increasesin blood urea nitrogen and serum creatinine may Occur 
Experience with another angiotensin converting enzyme inhibitor suggests that these increases are usually 
reversible upon discontinuation of Zestnil and/or diuretic therapy In such patients, renal function should be 
monitored during the first few weeks of therapy 5ome hypertensive patients with no apparent pre-existing 
renal vascular disease have devetoped increases ir blood urea nitrogen and serum creatimine, usually menor 
and transient. especially when Zest has been given concomiantly with a diuretic This is more likely to 
occur in patients with pre-existing renal impairment Dosage reduction of Zestrii and/or discontinuation of 
the diuretic may be required. Evaluation of the hypertensive patient should always include assessment of 
renal function. (See DOSAGE AND ADMINISTRATION.) Hyperkalemia: in clinical inalis hyperkatemia (serum 
potassium greater than 5 7 mEq/L} occurred in approxumatety 2 2%% of hypertensive patients and 4 0% ol 
patients with congestive heart taure In most cases these were isolated values which resoived despite continued 
therapy. Hyperkalemia was a cause of discontinuation of therapy in approximately O 1 of hypenensive patients 

Risk factors for the development of hyperkaiemia include renal insufficiency, diabetes mettus. and the 
concomitant use of potassium-sparning diuretics, porassium supplements and/or potassium containing salt 
substitutes, which should be used cautiously if at al. with desni (See Drug Interactions ) Surgery/Anesthesia: 
in patients undergoing maior surgery or during anesthesia with agents that produce hypotension, Zestril may 
biock angiotensin H formation secondary to compensatory renin release. If hypotension occurs and rs con- 
sidered to be due to this mechanism. it can be corrected by volume expansion. information for Patients. 
Angioedema: Angioedema. including iaryngeai edema. may occur especially following the frst dose ot Zestril 

Patients shouid be so advised and oid fo report immediately any signs of symptoms suggesting angioedema 
(sweihng of face. extremities. eyes. lips. tongue. dilticulty on swallowing or breathing) and to Take no more 
drug unti they have consulted with the prescribing physician. Symptomatic Hypotension: Patients should 
be cautioned to report lightheadedness especially during the first few days ot therapy if actual syncope Occurs. 
the patient shouid be told to discontinue the drug unt! they have consulted with the prescribing physician. 
Ait patients should be cautioned that excessive perspiration and dehydration may lead to an excessive fail 
in blood pressure because of reduction in fluid volume Other causes of volume depietion such as vomiting 
or diarrhea may also lead to a fai! in blood pressure. patients should be advised to consult with their physician 

Hyperkalemia: Patients shouid de told not to use salt substitutes containing potassium without consulting 
their physician. Neutropenia: Patients should be told to report promptly any indication of infection (eg, sore 
throat. fever) which may be a sign of neutropema NOTE: As with many other drugs. certain advice to patients 
being treated vath Zestni is warranted This information rs intended to aid in the sate and etfective use of 
this medication it is not à disclosure of ail possible adverse or intended effects Drug Interactions. Hypo- 
tension — Patients on Diuretic Therapy: Patients on diuretics and especially those in whom diuretic therapy 
was recentiy instituted, may occasionally experience an excessive reduction ot blood pressure after initiation 
of therapy with Zestni The possibility of hypotensive effects with Zestril can be minimized by either discontinuing 
the diuretic or increasiig the salt intake prior to mitiation of treatment with Zestai itis necessary to Continue 
the diuretic. initiate therapy with Zestré at a dose of 5 mg daily. and provide medical supervision after the 
initial dose for at least two hours and until blood pressure has stabilized for at feast an additional hour (See 
WARNINGS. and DOSAGE AND ADMINISTRATION } When a diuretic is added to the therapy of a patient receiving 
Zestni an additional antihypertensive effectis usually observed Studies with ACE inibitars in combination 
with diuretics indicate that the dose of the ACE inbibitor can be reduced when itis given with a diuretic (See 
DOSAGE AND ADMINISTRATION i Indomethacin: in a stucy in 36 patients with mid to moderate hypertension 
whete the antihypertensive effects of Zestril alone were compared to Zestr! given concomitantly with indo- 
methacin, the use of indomethacin was associated with a reduced etfect. although the difference between 
the two regimens was not signrticant. Other Agents: Zest! has been used concomitantiy with mitrates and/or 
digoxin without evidence of clinically significant adverse mteractions No chinicatly important pharmacokinetic 
interactions occurred when Zestril was used concomitantly with propranolol or hydrochlorothiazide The 
presence of food in the stomach does not alter the bioavadabdity of Zestn! Agents increasing Serum Potassium: 
Zestri attenuates potassium toss caused by thiande lyse diuretics Use of Zesini with potassium-sparing 
diuretics (eg. spironolactone. tnamterene or amiloridey. potassium Supplements, or potassium Containing 
sait substitutes may lead to significant increases in serum potassium. Therefore, if concomitant use of these 
agentsis indicated because of demonstrated hypokalerma. they should be used with Cautian and with frequent 
monitoring of serum potassium Carcinogenesis, Mutagenesis. Impairment of Fertility. There was no evidence 
ot a tumorigenic effect when 15/noprit was administerec for 105 weeks to maie and temale rats at doses up 
to 30 mg/kg/day (about 56 times" the maximum recommended daily human dose} or when tisinoptii was 
administered tor 92 weeks tc (maie and femaie} mice at doses up to 135 mg/kg/day (about 84 times? the 
maximum recommended daily human dese) "Based on patient weight of 50 Kg Lisinopei was not mutagentc 
in the Ames microbial mutagen test with or without metabolic activation. It was aiso negative in a forward 
mutation assay using Chinese hamster lung cells. Lisinapnt did not produce single strand DNA breaks in an 
in vitro alkaline elution rat hepatocyte assay in adititian. irsinoprii did not produce increases in Chromosoma! 
aberrations in an in vitro test in Chinese hamster ovary celis or in an im vivo Study in mouse bone marrow 

There were no adverse effects on reproductive performance in male and female rats treated with up to 
300 mg/kg/day of hsinopni. Pregnancy. Pregnancy Category C: Lisinopril was not teratogenic in mice treated 
on days 6-15 of gestation with up to 1.000 mg/kg/day (625 times the maximum recommended human dose} 

There was an increase in feta! resorptions al doses dawn to 100 mg/kg. at doses ot 1 000 mg/kg this was 
prevented by saline supplementation. There was no fetotoxicity of teratogenicity ii rats treated with up to 
300 mg/kg/day (188 times the maximum recommended dose) of lisinopril at days 6-17 ot gestation. In rats 
receiving lisinoprd from day 15 af gestation through day 21 postpartum. there was an increased incidence 
in pup deaths on days 2-7 postpartum and a lower average body weight ot pups on day 21 postpartum The 
increase in pup deaths and decrease in pup weight did sot occur with materna! saine supplementation 

Lisinoprd, at doses up to 1 mg/kg/day. was not leratogenic when given throughout the organogenic period 
in saine supplemented rabhits. Saine supplementation (physiologie saline in place 0! tap water) was used 
to eliminate maternotoxic effects and enable evaluation at the teratogenic porentiai ar the highest possible 
dosage level The rabbit has been shown to be extremely sensitive 16 angiotensin converting enzyme mhibitars 
(captopril and enalapni) with maternal and fetotoxic effects apparent at or below the recommended therapeutic 
dosage leveis in man Fetotoxicity was demonstrated m rabbits by an mcreased incidence of tetal resorptions 
at a dose of isinoprit at t mg/kg/day and by an increased incidence of incomptete ossification at the lowest 
dase tested (0.1 mg/kg/day} By whole body autoradiography. radioactivity was found in the placenta following 
administration of labeled hsinopnil to pregnant rats, bu: none was foundin the tetuses There are no adequate 
and weil-controiled studies in pregnant women Zesta should be used during pregnancy only if the potential 
benefit justifies the potentiat risk to the fetus Nursing Mothers: Milk of lactating rats contains radioactivity 
loltowing administration of. 7C ksnopul It is not known whether this drug ts excreted im human mik 











ZESTRIL’ (isinoprit) 


Because many drugs are excreted in human milk, caution should be exercised when Zestril is given to a nursing 
mother Pediatric User Safety and effectiveness in children have not been established ADVERSE REACTIONS. 
Zestri has been found to be generally well tolerated in controlled clinical trials involving 2003 patients and 
subjects. The most frequent clinical adverse experiences in controlled trials were dizziness (6.3%), headache 
(5.3%). fatigue (3.3%), diarrhea (3.296). upper respiratory symptoms (3.0%). and cough (2.996). ali of which 
were more frequent than in placebo-treated patients For the most part, adverse experiences were mild and 
transient in nature. Discontinuation of therapy was required in 6.0% of patents. in clinical trials, the overall 
frequency of adverse expenences could nat be related to total daily dosage within the recommended therapeutic 
dosage range For adverse experiences which occurred in more than 1% of patients and subjects treated 
with Zestril or Zestri: plus hydrochiorothiazide in controlled clinical trials, comparative incidence data are 


listed in the table below Percent of Patients in Controlled Studies 












Zestni Zestril/ Hydrochiorothiazide 
(n = 20031) (n = 644) Placebo 
| incidence incidence (n = 207) 
idiscontinuation} (discontinuation) incidence 
Dizziness 6.3 (0.6) 90 (0.3) t. 
Headache 5302) 43 (0.5 19 
Fatigue 33 (02) 3.9 (0.5) 1.0 
|o Diarrhea 32 (03) 26 (03) 24 
Upper Respiratory Symptoms 30 (0.0 45 (00) 0.0 | 
Cough 29 {0.4} 4.5 (0.8) 10 
Naused 2.3 (03) 2.5 (0 2} 2.4 | 
Hypotension 18 (08) 18 (05) 0.5 | 
Rash 15 (0 4} 16 (02) 05 
Orthostatic Effects 14 (00) 3.4 (0.2) 1.0 
Asthenia 1.3 (0.4) 20 (02) 10 
| Chest Pam 1.3 (0.1) 12 (0.2) 14 
j vomiting 13 (0.2) 14 (0.0) 0.5 
i Dyspnea 1.1 (0.0) 0.5 (0.2) 14 | 
| Dyspepsia 10 (0.0) 19 (60) 00 | 
Paresthesia 0.8 (0.0) 20 (02) 0.0 i 
impotence 0.7 (02) 16 (03) 0.0 | 
Muscie Cramps 9.6 (0.0) 28 (06) 05 | 
| Back Pain 0.5 (0.0) 1.1 (0.0) 14 | 
Nasal Congesuon 03 (00 12 (0.0) 0.0 i 
| Decreased Libido 02 (0.0) 12 (00) 00 | 
|. Vertigo 0.1 (0.0) tt402) 0.0 | 


tinciudes 420 patients treated for congestive heart failure who were receiving concomitant digitalis and/or 
diureuc therapy. 
Clinical adverse experiences occurring in 0396 to 1.0% of patients in the controlled trials and rarer, serious, 
possibly drug related events reported in uncontrolled studies or marketing experience included: BODY AS 
AWHOLE Chest discomfort. fever, flushing. CARDIOVASCULAR: Angina pectoris, orthostatic hypotension. 
rhythm disturbances. tachycardia, peripheral edema. palpitation. DIGESTIVE: Abdominal pain, anorexia, con- 
shpation, flatulence. METABOLISM: Gout. MUSCULOSKELETAL: Joint pain, shoulder pain. NERVOUS SYS- 
TEMiPSYCHIATRIC: Depression. somnolence. insomnia, stroke. RESPIRATORY SYSTEM: Bronchitis, sinusitis, 
pharyngeal pain UROGENITAL Oliguria, progressive azotemia, acute renal failure. OTHER: Blurred vision. 
pruritus. unnary tract infection. vasculitis of the iegs. ANGIOEDEMA: Angioedema has been reported in patients 
recewing Zestril (0.195). Angioedema associated with laryngeal edema may be fatal. If angioedema of the 
tace, extremities, lips, tongue. glottis and/or larynx occurs, treatment with Zestril should be discontinued 
and appropriate therapy instituted immediately. (See WARNINGS.) HYPOTENSION: In hypertensive patients, 
hypotension occurred m 1.2% and syncope occurred in 0.1% of patients. Hypotension or syncope was à 
cause of discontinuation of therapy in 0.5% of hypertensive patients. (See WARNINGS.) in patients with 
congestive heart failure. hypotension occurred in 5.096 and syncope occurred in 1.0% of patients. These 
adverse expenences were causes for discontinuation of therapy in 1.3% of these patients. Clinical Laboratory 
Test Findings. Serum Electrolytes: Hyperkalemia (See PRECAUTIONS. } Creatinine, Blood Urea Nitrogen: 
Minor increases in blood urea nitrogen and serum creatinine, reversible upon discontinuation of therapy, were 
observed in about 2 0% of patients with essential hypertension treated with Zestril alone. Increases were 
more common in patients receiving concomitant diuretics and in patients with renai artery stenosis. (See 
PRECAUTIONS } Reversible minor increases in blood urea nitrogen and serum Creatinine were observed in 
approximately 9 1% of patients with congestive heart faiture on concomitant diuretic therapy. Frequently, 
these abnormailttes resolved when the dosage of the diuretic was decreased. Hemoglobin and Hematocrit: 
Smail decreases in hemoglobin and hematocrit (mean decreases of approximately 0.4 g% and 13 volo, 
respectively} occurred frequently in patients treated with Zestril but were rarely of clinical importance in patients 
without some other cause of anemia. In clinical trials, less than Q t% of patients discontinued therapy due 
to anemia. Other (Causal Relationship Unknown): Rarely, elevations of liver enzymes and/or serum bilirubin 
have occurred. Overall, 2.0% of patients discontinued therapy due to laboratory adverse experiences, principally 
elevations in Dicod urea nitrogen (0696), serum creatinine (0.5%), and serum potassium (0.4%) OVERDOSAGE. 
The oral hOg of ismoprl is greater than 20 g/kg in mice and rats. The most likely manifestation of over- 
dosage would be hypotension, for which the usua! treatment would be intravenous infusion of normal saline 
solution DOSAGE AND ADMINISTRATION. initial Therapy: in patients with uncomplicated essential hyper- 
tension not on diuretic therapy. the recommended initial dose is 10 mg once a day. Dosage should be adjusted 
according to b:cad pressure response. The usual dosage range is 20-40 mg per day administered in a single 
daily dose. The antihypertensive effect may diminish toward the end of the dosing interval regardiess of the 
administered cose. but most commoniy with a dose of 10 mg daily. This can be evaluated by measuring biood 
pressure just prior to dosing to determine whether satisfactory controi is being maintained for 24 hours. if 
itis not. an inzrease in dose should be considered. Doses up to 80 mg have been used but do not appear 
to give greater effect. if blood pressure is not controlled with Zestril alone. a low dose of a diuretic may be 
added Hydrochiorothiazide, 12.5 mg has been shown to provide an additive effect. After the addition of a 
diuretic. it may be possible to reduce the dose of Zestril Diuretic Treated Patients: in hypertensive patients ' 
who are currently being treated with a diuretic, symptomatic hypotension may occur occasionally following 
the inihal dose of Zestri!. The diuretic should be discontinued, if possible, for two or three days before beginning 
therapy with Zestrii to reduce the likelihood of hypotension. (See WARNINGS } The dosage of Zestril should 
be adjusted according to blood pressure response. if the patient's blood pressure is not controlled with Zestril 
atone. diuretic therapy may be resumed as described above. H the diuretic cannot be discontinued, an initial 
dose of 5 mg shouid be used under medical supervision for at least two hours and until blood pressure has 
stabilized for at least an additional hour. (See WARNINGS and PRECAUTIONS. Drug Interactions.) Concomitant 
administration of Zestril with potassium supplements, potassium salt substitutes, or potassium-sparing 
diuretics may lead to increases of serum potassium. (See PRECAUTIONS.) Use in Elderly: in general, blood 
pressure response and adverse experiences were similar in younger and older patients given similar doses 
al Zestril. Pharmacokinetic studies, however, indicate that maximum blood levels and area under the plasma 
concentration ume curve (AUC) are doubled in older patients so that dosage adjustments should he made 
with particu'ar caution. Dosage Adjustment in Renal Impairment: The usual dose of Zestrii (10 mg} is 
recommended for patients with creatinine clearance > 30 mL/min (serum creatinine of up to approximately 
3 mg/dl) Fer patients with creatinine clearance > 10 mL/min < 30 mL/min (serum creatinine 2 3 mg/dL}. 
the first dose is 5 mg once daily. For patients with creatinine clearance < 10 mL/min (usually on hemodialysis) 
the recommended initial dose is 2 5 mg. The dosage may be titrated upward untii blood pressure is controlled 
or ta a maxmum of 40 mg daily. 













Creatinine-Clearance mL/min _ Initial Dose mg/day 





Normal Renal Function to Mid Impairment 
Moderate to Severe impairment 1 
Diatysis Patients « 10 2.53 


tDosage or dosing interval should be adjusted depending on the blood pressure response. — Rev E 12/87 
Distributed by Stuart Pharmaceuticals, Division of ICE Americas Inc. Wilmington. DE 19897 
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“DOER” 


Your mixed angina patients can become more 
active...with PROCARDIA* (nifedipine) 
protection. They'll be pain-free more of the 
time and find their need for nitroglycerin 
greatly reduced! They'll be able to work harder 
exercise more? And be more active participants 
in their own lives once again. 


PROCARDIA 


(NIFEDIPINE) °°" 


Protection in Mixed Angina 
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feeling better...doing more 








(N | FEDI Pl N E) Capsules 10 mg and 20 mg 


—Effective dosage range 
is 30-120 mg/day 


For most patients, start with 10 mg ti.d., and titrate over 7 to 14 days, 
using the patient's blood pressure response, attack frequency, 
sublingual nitroglycerin intake and activity level as a guide. Titration 
may be more rapid (e.g., 3 days) if symptoms warrant and the patient 


is observed closely. 


Because PROCARDIA decreases peripheral vascular resistance 
(occasional patients have had excessive hypotension), careful 
monitoring of blood pressure during initial administration and 
upward dosage titration is suggested, especially for patients taking 
other drugs known to lower blood pressure. Occasional patients have 
developed increased frequency, duration or severity of angina on 


starting PROCARDIA or at the time of dosage increases. 


—Offers a favorable 
safety profile 


Most frequently reported side effects associated with PROCARDIA 
therapy, usually mild, are dizziness or lightheadedness, peripheral 
edema, nausea, weakness, headache and flushing, each occurring in 
about 10% of patients; transient hypotension in about 5%; palpitation 


in about 2%; syncope in about 0.5% 


. References: 


1. Stone PH, Muller JE, Turi ZG, et al: Efficacy of nifedipine therapy in patients with refractory angina 
pectoris: Significance of the presence of coronary vasospasm. Am Heart J 1983; 106:644-652 

2. Morse JR, Nesto RW: Double-blind crossover comparison of the antianginal effects of nifedipine and 
isosorbide dinitrate in patients with exertional angina receiving propranolol. J Am Coll Cardiol 1985; 


6: 1395-1401. 
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Brief Summary ; k — —* T e a 
PROCARDIA® nd Capsules  ».  . For Oral Use 
INDICATIONS AND U : |. Vasospastic Angina: PROCARDIA (nifedipine) is indicated for the manage- 


ment of vasospastic angina confirmed y any of the following criteria: 1) classical pattern of angina at rest ac- 
companied by ST segment elevation, ) angina or coronary artery spasm provoked by ergonovine, or 3) 
angiographically demonstrated coronary artery spasm. In those patients who have had angiography, the pres- 
ence 0! significant fixed obstructive disease is not incompatible with the diagnosis of vasospastic angina, pro- 
vided that the above criteria are satisfied. PROCARDIA may also be used where the clinical presentation 
suggests a possible vasospastic component but where vasospasm has not been confirmed, e.g., where pain has 
a variable threshold on exertion or in unstable angina where electrocardiographic findings are compatible with 
intermittent vasospasm, or when angina is refractory to nitrates and/or adequate doses of bela blockers. 

il. Chronic Stable Angina (Classical Effort-Associated Angina): PROCARDIA is indicated for the manage- 
ment of chronic stable angina (effort-associated angina) without evidence of vasospasm in patients who remain 
symptomatic despite adequate doses of beta blockers and/or e en nitrates or who cannot tolerate those agents. — 

In chronic stable angina (effort-associated angina) PROCARDIA has been effective in controlled trials of up 
to eight weeks duration in reducing angina frequency and increasing exercise tolerance, but confirmation of 
sustained effectiveness and evaluation of long-term safely in these patients are inco jete. 

Controlled studies in small numbers of patients suggest concomitant use of PROCARDIA and beta-blocking 
agents may be beneficial in patients with chronic stable angina, but available intormation is not sufficient to 
predict with confidence the effects of concurrent treatment, especially in patients with compromised left ven- 
tricular function or cardiac conduction abnormalities. When introducing such concomitant therapy, care must 
be taken to monitor blood pressure closely since severe hypotension can occur from the combined effects of 
the drugs oe WARNINGS.) 

CONTRAINDICATIONS: Known hypersensitivity reaction to PROCARDIA. 

WARNINGS: Excessive Hypotension: Although in most patients, the hypotensive effect of PROCARDIA is 
modest and well tolerated, occasional patients have had excessive and poorly tolerated hy otension. These re- 
sponses have usually occurred during initial titration or at the time of subsequent upward dosage adjustment, 
and may be more likely in patients on concomitant beta blockers 

Severe hypotension and/or increased fluid volume requirements have been reported in patients receiving 
PROCARDIA together with a beta blocking agent who underwent coronary artery bypass surgery using high 
dose fentany! anesthesia. The interaction with high dose fentanyl appears to be due to the combination of 
PROCARDIA and a beta blocker, but the possibility that it may occur with PROCARDIA alone, with low doses of 
fentanyl, in other surgical procedures, or with other narcotic analgesics cannot be ruled out. In PROCARDIA 
treated patients where surgery using high dose fentanyl anesthesia is contemplated, the physician should be 
aware of these potential problems and, if the patient's condition permits, sufficient time (at least 36 hours) 
should be allowed for PROCARDIA to be washed out of the body prior to surgery. 
increased Angina and/or Myocardial Infarction: Rarely, palients, particularly those who have severe ob- 
structive coronary artery disease, have developed well documented increased frequency, duration and/or se- 
verity of angina or acute myocardial infarction on starting PROCARDIA or at the time of dosage increase. The 
mechanism of this effect is not established 
Beta Blocker Withdrawal: Patients recently withdrawn from beta blockers may develop a withdrawal syn- 
drome with increased angina, probably related to increased sensitivity to catecholamines. Initiation of 
PROCARDIA treatment will not prevent this occurrence and might be expected to exacerbate it by provoking 
reflex catecholamine release. There have been occasional reports of increased angina ina setting of beta blocker 
withdrawal and PROCARDIA initiation. It is important to taper beta blockers if possible, rather than stopping 
them abruptly belore beginning PROCARDIA. 

Congestive Heart Failure: Rarely, patients, usually receiving à beta blocker, have developed hear! lailure after 
beginning PROCARDIA. Patients with light aortic stenosis may be at greater risk for such an event. 
PRECAUTIONS: General: Hypotension: Because PROCARDIA decreases peripheral vascular resistance, 
careful monitoring of blood pressure during the initial administration and titration of PROCARDIA is suggested. 
Close observation is especially recommended for patients already taking medications that are known to lower 
blood pressure. (See WARNINGS.) 

Peripheral edema: Mild to moderate peripheral edema, typically associated with arterial vasodilation and 
not due to left ventricular dysfunction, occurs in about one in ten patients treated with PROCARDIA. This edema 
occurs primarily in the lower extremities and usually responds to diuretic therapy. With patients whose angina 
is complicated by congestive heart failure, care should be taken to differentiate this peripheral edema from the 
effects of increasing left ventricular dysfunction. 

Laboratory tests: Rare, usually transient, but occasionally significant elevations of enzymes such as alka- 
line phosphatase, CPK, LDH, SGOT and SGPT have been noted. The relationship to PROCARDIA therapy is un- 
certain in most cases, but probable in some. These laboratory abnormalities have rarely been associated with 
clinical symptoms, however, cholestasis with or without jaundice has been reported. Rare instances of allergic 
hepatitis have been reported. 

Limited clinical studies have demonstrated a moderate but statistically significant decrease in platelet ag- 
gregation and increase in bleeding time in some PROCARDIA (nifedipine) patients. No clinical significance for 
these findings has been demonstrated. Positive direct Coombs test with/without hemolytic anemia has beeri-wp 


ported 

Although PROCARDIA has been used safely in patients with renal dysfunction and has been reported to exert 
a beneficial effect in certain cases, rare, reversible elevations in BUN and serum creatinine have been reported 
in patients with pre-existing chronic renal insufficiency. The relationship to PROCARDIA therapy is uncertain in 
most cases but probable in some. 

Drug interactions: Beta-adrenergic blocking agents. (See INDICATIONS AND WARNINGS.) Experience in 
over 1400 patients in anon-comparalive clinical trial has Shown that concomitant administration of PROCARDIA 
and beta-blocking agents is usually well tolerated, Dut there have been occasional literature reports suggesting 
that the combination may increase the likelihood of congestive heart failure, severe hypotension or exacerbation 
of angina 

fong-acting nitrates: PROCARDIA may be safely co-administered with nitrates, but there have been no con- 
trolled studies to evaluate the antianginal effectiveness of this combination 

Digitalis: Administration of PROCARDIA with digoxin increased digoxin levels in nine of twelve normal vol- 
unteers. The average increase was 45%. Another investigator found no increase in digoxin levels in thirteen 
patients with coronary artery disease. In an uncontrolled study of over two hundred patients with congestive 
heart failure during which digoxin blood levels were not measured, digitalis toxicity was not observed. Since 
there have been isolated reports of patients with elevated digoxin levels, it is recommended that digoxin levels 
be monitored when initiating, adjusting, and discontinuing PROCARDIA to avoid possible over- or under- 
digitalization. 

Coumarin anticoagulants: There have been rare reports of increased prothrombin time in patients taking cou- 
marin anticoagulants to whom PROCARDIA was administered. 

Cimetidine: A study in six healthy volunteers has shown a significant increase in peak nifedipine plasma lev- 
els (80%) and area-under-the-curve (74%) after a one week course o! cimetidine at 1000 mg per day and nifed- 
ipine at 40 mg per day. Ranitidine produced smaller, non-significant increases. If nitedipine therapy is initiated 
in a patient currently receiving cimetidine, cautious titration is advised 

Carcinogenesis, mutagenesis, impairment of fertility: Nifedipine was administered orally to rats for 
two years and was not shown to be carcinogenic. When given to rats prior to mating, nifedipine caused reduced 
fertility ata dose approximately 30 times the maximum recommended human dose. /n vivo mutagenicity studies 
were negative 

Pregnancy: Pregnancy Category C. Nifedipine has been shown to be teratogenic in rats and embryotoxic in 
rats. mice and rabbits. There are no adequate and well controlled studies in pregnant women. PROCARDIA 
should be used during pregnancy only if the potential benefit justifies the potential risk to the fetus. 
ADVERSE REACTIONS: The most common adverse events include dizziness or lightheadedness, peripheral 
edema. nausea, weakness, headache and flushing, each occurring in about 10% of patients, transient hypoten- 
sion in about 5%, palpitation in about 2% and syncope in about 0.5%. Syncopal episodes did not recur with 
reduction in the dose of PROCARDIA or concomitant antianginal medication. Additionally, the following have 
been reported: muscle cramps, nervousness, dyspnea, nasal and chest congestion, shortness of breath, diar- 
rhea, constipation, gastrointestinal cramps, flatulence, inflammation, joint stiffness, shakiness, jilleriness, 
sleep disturbances, blurred vision, difficulties in balance, dermatitis, pruritus, urticaria, fever, sweating, chills, 
sexual difficulties, thrombocytopenia, anemia, leukopenia, purpura allergic hepatitis, gingival hyperplasia, 
depression, paranoid syndrome, transient blindness at the peak of plasma level, erythromelalgia, and arthritis | 
with ANA (+ ). Very rarely, introduction ol PROCARDIA therapy was associated with an increase inanginal pain, | 
possibly due to associated hypotension . 

in addition, more serious adverse events were observed, not readily distinguishable trom the natural history 
of the disease in these patients. It remains possible, however, that some or many of these events were drug 
related. Myocardial infarction occurred in about 4% of patients and congestive heart failure or pulmonary 
edema in about 2%. Ventricular arrhythmias or conduction disturbances each occurred in fewer than 0.5% of 

atients. 
HOW SUPPLIED: PROCARDIA soft gelatin capsules are supplied in: 
Bottles of 100: 10 mg (NDC 0069-2600-66) orange #260; 20 mg (NDC 0069-2610-66) orange and light brown 
#261. Bottles of 300: 10 mg (NDC 0069-2600-72) orange #260; 20 mg (NDC 0069-2610-7 ) —— light 
brown #261. Unit dose pacias of 100: 10 mg (NDC 0069-2600-41) orange #260; 20 mg (NDC 0069-2610- 
41) orange and light brown #261. 

The capsules should be protected from light and moisture and stored at controlled room temperature 59° to 
77°F (15° to 25°C) in the manufacturer's original container. 


More detailed professional information available on request. Revised June 1986 © 1982, Plizer inc. 
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The benefit of antianginal 
protection plus safety... 
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A FULLER LIFE 


A remarkable safety profile'* 


The low incidence of side effects with Cardizem allows patients to feel better. 


Protection against angina attacks'5? 


The predictable efficacy of Cardizem in stable exertional* and vasospastic 
angina allows patients to do more. 


A decrease in myocardial oxygen demand 


Resulting from a lowered heart rate-blood pressure product.’ 


Compatible with other antianginals*: 


Safe in angina with coexisting hypertension, 
COPD, asthma, or PVD'?** 


*CARDIZEM® (diltiazem HC!) is indicated in the treatment of angina pectoris due fo coronary artery spasm and in the 
management of chronic stable angina (classic effort-associated angina) in patients who cannot tolerate therapy with 
beta-blockers and/or nitrates or who remain symptomatic despite adequate doses of these agents. 

‘See Warnings and Precautions. 


Please see brief summary of prescribing information on the next page. 045387 











Usual maintenance dosage range 


Brief Summary 
Professional Use Information 


CARDIZEM* 
(diltiazem HC!) 30 mg, 60 mg, 90 mg, and 120 mg Tablets 


CONTRAINDICATIONS 

CARDIZEM is contraindicated in (1) patients with Sick 
sinus syndrome except in the presence of a functioning 
ventricular pacemaker, (2) patients with second- or 
third-degree AV block except in the presence of a functioning 
ventricular pacemaker, and (3) patients with hypotension 
(less than 90 mm Hg systolic) 


WARNINGS 

1. Cardiac Conduction. CARDIZEM prolongs AV node 
refractory periods without significantly prolonging 
sinus node recovery time, except in patients with sick 
sinus syndrome. This effect may rarely result in 
abnormally slow heart rates (particularly in patients 
with sick sinus syndrome) or second- or third-degree 
AV block (six of 1,243 patients for 0.4896). Concomi- 
tant use of diltiazem with beta-blockers or digitalis 
may result in additive effects on cardiac conduction. A 
patient with Prinzmetal's angina developed periods of 
asystole (2 to 5 seconds) after a single dose of 60 mg 
of diltiazem. 

2. Congestive Heart Failure. Although dilfiazem has a 
negative inotropic effect in isolated animal tissue 
preparations, hemodynamic studies in humans with 
normal ventricular function have not shown a 
reduction in cardiac index nor consistent negative 
effects on contractility (dp/dt). 

Experience with the use of CARDIZEM alone or in 
combination with beta-blockers in patients with 
impaired ventricular function is very limited. Caution 
should be exercised when using the drug in such 
patients. 

3. Hypotension. Decreases in blood pressure associated 
with CARDIZEM therapy may occasionally result in 
symptomatic hypotension. 

4. Acute Hepatic Injury. In rare instances, significant 
elevations in enzymes such as alkaline phosphatase, 
CPK, LDH, SGOT, SGPT, and other symptoms 
consistent with acute hepatic injury have been noted. 
These reactions have been reversible upon discontin- 
uation of drug therapy. The relationship to CARDIZEM is 
uncertain in most cases. but probable in some. (See 
PRECAUTIONS. ) 


PRECAUTIONS 

General. CARDIZEM (diltiazem hydrochloride) is 
extensively metabolized by the liver and excreted by the 
kidneys and in bile. As with any new drug given over 
prolonged periods, laboratory parameters should be moni- 
tored at regular intervals. The drug should be used with 
caution in patients with impaired renal or hepatic function. In 
subacute and chronic dog and rat studies designed fo 
produce toxicity, high doses of diltiazem were associated 
with hepatic damage. In special subacute hepatic studies, 


€ Sr 


uL 4 , 


CARDIZEM 
diltiazem HCl/Marion 


: 180-360 mg/day 


T 


oral doses of 125 mg/kg and higher in rats were associated 
with histological changes in the liver which were reversible 
when the drug was discontinued. In dogs, doses of 20 
mg/kg were also associated with hepatic changes; however, 
these changes were reversible with continued dosing. 

Drug Interaction. Pharmacologic studies indicate that 
there may be additive effects in prolonging AV conauction 
when using beta-blockers or digitalis concomitantly with 
CARDIZEM. (See WARNINGS. ) 

Controlled and uncontrolled domestic studies suggest that 
concomitant use of CARDIZEM and beta-blockers or digitalis 
is usually well tolerated. Available data are not sufficient, 
however, fo predict the effects of concomitant treatment, 
particularly in patients with left ventricular dysfunction or car- 
diac conduction abnormalities. In healthy volunteers, 
diltiazem has been shown fo increase serum digoxin levels 
up to 20%. 

Carcinogenesis, Mutagenesis, Impairment of Fertility. 
A 24-month study in rats and a 21-month study in mice 
showed no evidence of carcinogenicity. There was also no 
mutagenic response in in vitro bacterial fests. No intrinsic 
effect on fertility was observed in rats. 

Pregnancy. Category C. Reproduction studies have been 
conducted in mice, rats, and rabbits. Administration of doses 
ranging from five to ten times greater (on a mg/kg basis) 
than the daily recommended therapeutic dose has resulted in 
embryo and fetal lethality. These doses, in some Siudies, 
have been reported to cause skeletal abnormalities. In the 
perinatal/postnatal studies, there was some reduction in 
early individual pup weights and survival rates. There was 
an increased incidence of stillbirths at doses of 20 times the 
human dose or greater. 

There are no well-controlled studies in pregnant women, 
therefore, use CARDIZEM in pregnant women only if the 
potential benefit justifies the potential risk fo the fetus. 

Nursing Mothers. Diltiazem is excreted in human milk 
One report suggests that concentrations in breast milk may 
approximate serum levels. If use of CARDIZEM is deemed 
essential, an alternative method of infant feeding should be 
instituted. 

Pediatric Use. Safety and effectiveness in children have 
not been established. 


ADVERSE REACTIONS 

Serious adverse reactions have been rare in studies 
carried out to date, but it should be recognized that patients 
with impaired ventricular function and cardiac conduction 
abnormalities have usually been excluded. 

In domestic placebo-controlled trials, the incidence of 
adverse reactions reported during CARDIZEM therapy was 
not greater than that reported during placebo therapy. 

The following represent occurrences observed in clinical 
studies which can be at least reasonably associated with the 
pharmacology of calcium influx inhibition. In many cases, 
the relationship to CARDIZEM has not been established. The 
most common occurrences as well as their frequency of 
presentation are: edema (2.4%), headache (2.1%), 
nausea (1.9%), dizziness (1.5%), rash (1.3%). asthenia 
(1.2%). In addition, the following events were reported 
infrequently (less than 196). 


(J60mg 90mg 
[] 120 mg 


Gig: tid 


Cardiovascular: Angina, arrhythmia, AV block (first 
degree), AV block (second or third degree 
— see conduction warning), bradycar- 
dia, congestive heart failure, flushing, 
hypotension, palpitations, syncope. 
Nervous System. Amnesia, gait abnormality, hallucina- 
tions, insomnia, nervousness, paresthe- 
sia, personality change, somnolence, 
tinnitus, tremor. 

Anorexia, constipation, diarrhea, 
dysgeusia, dyspepsia, mild elevations of 
alkaline phosphatase, SGOT, SGPT, and 
LDH (see hepatic warnings), vomiting, 


Gastrointestinal: 


weight increase. 

Dermatologic. Petechiae, pruritus, photosensitivity, 
urticaria. 

Other: Amblyopia, dyspnea, epistaxis, eye 


irritation, hyperglycemia, nasal conges- 
tion, nocturia, osteoarticular pain, 
polyuria, sexual difficulties. 

The following postmarketing events have been reported 
infrequently in patients receiving CARDIZEM: alopecia, 
gingival hyperplasia, erythema multiforme, and leukopenia. 
However, a definitive cause and effect between these events 
and CARDIZEM therapy is yet to be established. 

Issued 9/86 
See complete Professional Use Information before prescribing. 
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SUSTAINED-RELEASE CAPLETS 


CONTROLS HYPERTENSION TODAY, 
ELPS GUARD AGAINST ITS RISKS TOMORROW 


see the reverse side for a brief summary of the 
complete prescribing information. 
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echocardiography 


Clinical 
Do | — — 
| Ecl ocardiog of 


by José Missri, MD 


0-914316-51-6 256 pp., April 1986, 175 5 illustrations 
$55.00 


The development and refinement of Doppler echocardio- 
graphy represent a major advance in the diagnostic applica- 
tions ot ultrasound in heart disease. 

Dr. Missri has written Clinical Doppler Echocardiography to 
provide clinical cardiologists, postdoctoral fellows and. — 

“echo” technologists with practical information on cardiac 
Doppler applied to acquired and congenital disease: C 
Clearly written, logically presented, generously. illus- 
trated —including 4-color examples of Doppler color- flow. » 
mapping—and thoroughly indexed, Clinical Doppler Echocar- ps 
diography is a must addition for personal and medical center — 
libraries. 
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The PosicAM* SYSTEM, 
from Positron Corporation 
means accurate, non-invasive 
diagnosis of coronary artery 
disease by routine clinical 
positron emission tomog- 
raphy. PosicAM* provides 
high-speed, high resolution 
imaging using uniform 
3-dimensional volumetric sam- 
pling, without data gaps be- 
tween image planes. Twenty- 
one simultaneous overlapping 
slices of the whole heart 
in short axis, long axis, or 
angled views create the first 
and only true 3-dimensional 
pictures of cardiac perfusion, 
metabolism, and function. 
User-friendly software, 
validated in over 700 clinical 
studies, gives unsurpassed 
throughput and data analysis. 
PosicaM™ is the only camera 
design tested in large clinical 
trials with generator-produced 
Rubidium-82 for cardiac 
imaging without a cyclotron. 
This revolutionary imaging 
system is now affordable for 
hospitals and clinics 
to provide the most 
advanced cardiac 
care for their patients. 
Innovation and 
reliability for serious 
medical decisions 
that affect lives. 
Positron has made 
the commitment. 


POSITRON 


C OAP OUS ALT 


8080 El Rio Houston, M 77054 
FAX: 713/796-1506 TEL: 713/741-4000 
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als, Inc: (Me tà v ioc tinemide clinical trial). 7 Data on tie 


yis. Inc. (long-term follow-up to controlled trials), 8. Shanks” 
cts of mexiletine, Am Heart J 1984;107:1065-1071. 9. Stein J. Podrid. P. 
oral mexietine on left and right ventricular function. Am J Cardiol . 


Saksena S, Craelius W: The electropharmacology and therapeutic role of 
in Pacing and Electrophysiol. 1983; 1{(No. 2): 122-141. 11. Campbell NPS, 
AA. Gls o oral TA therapy with. mexiletine, Br Heart J 


-Capsules of 150mg. 200 mg and 250 mg 


Ade — or ——— — — 

iythmics Mexitil can cause worsening of arrhythmias. This has been uncommon 
rious arrhythmias (frequent premature beats or nor-sustained ventricular 
VERSE REACTIONS), but is of greater concern in patients with life-threatening 
sustained ventricular tachycardia. In patients with such arrhythmias sub- 
Amed electrical stimulation or to exercise provocation, 10-15% of patients had 

Hhe arrhythmia, a rate not greater than that of other agents. 
be used with caution in patients. with hypotension and severe congestive heart 


xititis metabolized i in the liver. and hepatic impairment has been reported to prolong the 
x imination half-life of Mexitil, patients with liver disease should be followed carefully while receiv- 
ingM ——— pecan. ee: with — dysfunction secondary 


— 
N — the. upper ‘amt Q ts occurred in about 1% of both. need beet and 
patient — 2% of patients in the mexiletine compassionate use program had 

sof SGO Greater than or equal to three times the upper limitof normal. These elevations 
no eal oe in association with identifiable clinical events and therapeutic measures such 
jestive heart failure, acute myocardial infarction, blood transfusions and other medications. 
elevations were often asymptomatic and transient. usually not associated with elevated 
levels.and usually.did not require discontinuation of therapy. Marked elevations of SGOT 
j woro seen before death in four patients with end-stage cardiac disease (severe 

part failure, cardiogenic shock). 
b ting, experience tare instances of severe liver injury, including hepatic necrosis, 
in association with Mexitil treatment: itis recommended that patients in whom 
X test has occurred, or who have signs or symptoms suggesting liver dysfunction, 
iluated. 1f. persistent or worsening ‘elevation of hepatic enzymes is detected, 

be given to discontinuing therapy. 

He : Blood dyscrasias. were not seen in the controlled trials. Among 10,867 
ine in the compassionate use program, marked leukopenia (neutro- 
) OF —— were seen in 0.06%, and milder depressions of 


E — — — chon 
yaluated, and, if warranted. Mexitil shoul e econ 
within one month of discontinuation. (See. ADVERSE REACTIONS. ) 
jisions. (seizures) did.not occur iri Mexitil controlled clinical trials. In fhe compassionate use 
am, convulsions were reported in about 2 of 1000 patients. Twenty-eight percent of these 
tients discontinued therapy. Convulsions were reported in patients with and without a prior 
story of s seizures. Mexiletine should be used with caution in d redes with known seizure disorder. 


sometimes with — rat of CUN SU Won p —— or other hepatic enzyme 

ers such as rifampin and phenobarbital have been taken concurrently with Mexitil, lowered 

iasma levels have been reported. Monitoring of Mexitil plasma levels is recommended 
sh concurrent use to avoid ineffective therapy. 

i study. benzodiazepines were shown not to affect Mexitil plasma concentrations. ECG 

R, QRS and QT) were not atfected à concurrent Mexitil and digoxin, diuretics, or 


gioi. Cimetidine has been shownto raise Mexitii plasma: levels. During concurent therapy. 
t should be monitored carefully for adverse effects. = > 
does not alter serum digoxin levels, but. magnesium-aluminum hydroxide, when used to 
rointestinal symptorns due to Mexitil, has been reported to lower serum digoxin levels. 
$ and | of Fertility: Studies of carcinogenesis in rats 
‘mice 18. months) did not demonstrate any tumorigenic potential. Mexitit was 
ber non« mutagenic i in the Ames test. Mexitii did not impair fertility in the rat. 


ncy Category C: Reproduction studies performed with Mexitiii in rats, mice and rabbits at 

ip to four times the maximum human oral dose (20 mg/kg in a 50 kg patient) revealed no 

of teratogenicity or impaired fertility but did show an increase in letal resorption. There 

dequate and well-controlled studies in pregnant women: this drug should be used in 
icy only if the potential benefit p the potential risk to the fetus. 

Ni Mothers: Mexitil appears in human milk in concentrations similar to those observed in 

plasms Therefore. if the use of Mexitii is deemed essential, an alternative method of infant 

M. —*2 should be considered. . 
; Use: Salety and effectiveness in children have not been established. 

INS: 1 Mexitil* (mexiletine hydrochioride) commonly produces reversible gas- 

is adverse: reactions but is otherwise well tolerated. Mexitil has 

one-month and three-month controlled studies and in over 

: ges in the controlled studies ranged 

ssionate use program were treated with 


ntt controlled trials: comparing Mexiti to 
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Blurred Vision/Visual 
Disturbances 
Headache 
Rash 
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Mouth 


Dry 
Arthralgia 
Fever 


Less than 195; Syncope, ec 
consciousness, other psycht 
impotence/decreased libido. 
An additional group of over ' 
of Mexitil under compassionate: u tance 
large. majority on. m drug the: ie percent. of the — Ev 
program for ane year or longer. Adverse reactions leading to therapy discont 
15% of patients (usually upper gastrointestinal system or nervous system effects) 
more common adverse reactions were similar to those in the controlled Li is. 
adverse events possibly related to Mexitil use include: - Ee a 
Cardiovascular System: Syncope and hypctension, each about 6 in 
about 4 in 1000 angina/angina-ike pain; abou! 3 in. 1000; edema, Atrioven 
conduction disturbances and hot flashes, each about 2 in 1000; atrial amyth į 
sion and cardiogenic shock; each about 1 in 1000. 
Central. Nervous System: Short-term mernory loss, about 9 in 1000 patients; ha 
psy sal changes, each about 3 in 1000: psychosis and convulsion 
r in 1060: loss of consciousness, about 6n 10,000. 
Digestive; Dysphagia. about? in 1000: peptic ulcer, about 8 in 10, 000: upper gastro te: 
bleeding, about 7 in 10.000; esophageal ulceration. about 1 10,000. = = 
Laboratory: Abnormal liver function tests. about 5 in 1000 patients: ‘positive AN & and 
bacytopenia. each abut 2 in 1000: leukopenia (including neutropenia and agre ru 
about t in 1000; myelofibrosis; about 2in 10.000 patients. — ; 
Other: Diaphoresis, about Gin 1000; attered taste, about 5. in 1000: salvar 
loss and impotence/decreased libido, each about 4 in 1000: malaise; al 
urinary hesitancy/tetention. each about 2 in 1000; hiccups, dry skin, ix 
geal changes and changes in oral mucous membranes, each about 1000 
drome. about 4 in 10.000. 
: Blood dysctasias were not seen in the controlled trials but did occ 
10.867 patients treated with mexiletine in the compassionate use programiS RE 
—— was reported in two patients in the compassionate use progr one wa 
ROW SU "term PED. therapy and the other had pretreatment myeloid. anon 


Moxie ( (mexietine hydrochloride) is supplied in hard gelatin capsul ; có 
250 mg 2 ee hydrochionde in bottles ot. ‘190. and: — ably tif 
cartons of 1 





Demonstrated in clinical trials 

and worldwide practice for control 

of PVCs, couplets, and V Tach 
MEXITIL provides efficacy comparable to 
that of the traditional first-line antiarrhythmic 
agents. '* And that efficacy generally stays 
with the patient as long as the patient stays 


with MEXITIL: ' 
In addition, MEXITIL offers benefits for a broad 


range of arrhythmia patients. It demonstrates 
no significant negative inotropic effect, *^" 
does not prolong the QT interval," and 

has been used with commonly employed 
antiarrhythmic, antianginal, antihypertensive, 
and anticoagulant drugs, without observed 
interactions. 


The most common MEXITIL adverse reactions 
(reversible GI and CNS side effects) can often 
be reduced with careful dose titration and by 
taking the drug with meals, snacks, or antacids.’ 
Adverse reactions usually appear within the 

first days of therapy. Once patient response and _ 
tolerance have been optimized, long-term, well- ^ 
tolerated control can generally be anticipated. ' 
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(mexiletine HCI) 


First-line long-term arrhythmia therapy ) 


* Based on studies in which patients were followed for up to 66 months. 


+ Like other antiarrhythmics, mexiletine has not been shown to prevent sudden death in patients with serious ventricular ectopic activity. And, like other antiarrhythmics, 
mexiletine has potentially serious side effects, including the ability to worsen arrhythmias. Clinical and electrocardiographic evaluation are needed to guide therapy. Please see 
next page for a brief summary of prescribing information, including contraindications, precautions, and adverse reactions. 





" atic radionuclide angiogram shows LV time-activ- 
its first derivative. ES = end-systole; PER = peak 
PFR = peak filling rate. 


| A73 8.4mm Hg). Two of the patients had 
opranolol therapy before verapamil, but 
mptomatic. All patients had been off all 
or at least 1 week before starting verapa- 
nt. and received no other cardiac medica- 
being treated with verapamil except for 1 
ventricular ectopy who was treated simul- 
ith lisopyramide phosphate. All patients 
us rhythm at the time of the studies. No 
known to have contraindications to the use 
including sick sinus syndrome, atrioven- 
le disease, systemic hypotension or the 
on of elevated pulmonary artery wedge 
d severe LV outflow obstruction. 
stration: Verapamil was given to 8 of 10 
he cardiac catheterization laboratory as a 


travenous bolus over 2 minutes, followed. 


jn of 0.007 mg/kg/min for 20 minutes. 
iier pA resulted. in a e hd nd of end- 


3124 16r mm ee p «0. 1 


Oral verapamil, 4 to 6 - 


gös s fol wi. dose 240 


| plica in with ¢ a —— par i 
sensitivity collimator interfaced to a c 
computer system (Medical Data Sys 
was obtained in the 15? right anterior 


lateral positions. The left anterior c 
sition was then determined by findi 
tion between the right ventricle a: 
(usually 45°). The data were digit 

byte mode for subsequent analysis 
with a computer the optimal time pe 

ac cycle was divided into at least 16 f 
framing rate was «0.05 seconds. Thus 2 
frame were accumulated for the right anterior oblique - f 
and left lateral positions and 250,000 counts/ frame for. 
the left anterior oblique position. ! 

The LV region of interest was determined 
commercial (Medical Data Systems], second d 
tive/threshold routine. This semiautomatic routi 
quired an observer to place a box around the region ol 
the left ventricle. Multiple LV regions were generated 


. 1 for each frame. LV time-activity curves then w 


calculated from counts in this region minus norm 
ized activity from a periventricular "background" 
region of interest. Data outside a 5% RR-interval 
window were rejected. The LV ejection fraction wa 
determined by a computer analysis of the LV. time- 
activity curve. For smoothing purposes, diastolic func- 
tion curves were reconstructed from their first 3 Fouri- 
er harmonics before determining the diastolic function 
parameters. The peak LV filling rate was computed b 
taking the first derivative of the smoothed time-: 

curve. The peak filling rate was computed 
counts per second and normalized for the n 

LV counts at end-diastolic volume/s s. » The me 


1). Adult E] anes for be filing. cou iP 
to — filling at the 99% confidence limits had 


rate as 2. 5 end: diastolic volumes and the: uppe limit 


. for time to peak filling as 180 ms.5 In our laborato ey. 


healthy children with an age range. of 10 to 16 years 


were used as controls. Using the 99% con fidence lim: 
the lower limit of normal for peak filling rate in 


children \ was 2. 60 0 end- diastolic Mie d si 


pa-. yas both 
E — pean All patie er 





: RE ea sapin dm and LV posterior ES 


umic relaxation time. was calculated i in ms i 


T miral valie tests | using JM Bruce 


i as 9 oF the. Po before the |. EDV 


aC an With i program foni. and i 


1a t readout, and an Electronics for 
' | oscilloscopic | electrocardiograph. 
ds II, avF and Vs were used to record the 


am. Horizontal or negative ST-segment 


relative to the PR baseline) was measured 

he ] point. Blood pressure was monitored 

te intervals, at completion of exercise and 

ery using the Critikon stress monitor with 

recorder (model 1165) and appropriate blood 
essure cuff. sizes. Oxygen consumption was. mea- 
nga Douglas bag before and at peak exercise. 

Cis e endpoints were exhaustion, lightheadedness 
t pain accompanied by ST-segment abnormali- 
ercise test was discontinued due to arrhyth- 


nalysis: Data were 'e analyzed and com- 


iled t test for paired data. Values 


sd as mean + standard deviation. - 


equilibrium blood pool carding. scintigra- 


phy: The LV ejection fraction did not change signifi- 
itly from the evaluation done before verapamil (0.78 
0.16) to the one performed after long-term drug ther- 
y (0.71 + 0.14). Peak filling rate and time to peak 
lling are indexes of diastolic filling and both of these 


ers improved significantly in the patient 


fore verapamil, the peak filling rate was 3.24 
15 end-diastolic volume/s, which was within our 
il range for children. A peak filling rate <99% 


ence limit was present in 4 patients. After long- 


tment with oral verapamil, all patients had an 


the peak filling rate with a mean of 4.62 + 
diastolic volume/s (Figure 2). Time to peak 


gnificantly p prolonge d compared with nor- 


en before verapamil therapy (217 + 57 ms). 


g-term administration of oral verapamil, the 


FIGURE 2. Radionuclide — — filling ra t 
verapamil therapy. EDV/s | =: “end-diastolic etm 


metric time, from 61 + 21 to 41 + 22 ms, p 


4). The shortening fracti: ‘was uncha ig 


. pamil (before verapamil 0.46 + 0, 08 ai 
term therapy 0.45 4 0.08). LV septe 


to decrease with verapamil tl rapy 8 


0.9 cm, p «0.08, before vs long-ter 


of septal thickness to LV posterio 
nificantly oe tread tests T 9 s: 1 


illing was 168 t 63 ms (igure 3» that i is. . pli i 


ge oh nor 





FIGURE 4. isovolumic relaxation time betore and after verapami 
therapy. i 


exercise pa lest her in ectlya- impro ret 
their symptomatology. No change ` was seen in. se 
parameters of systolic function. = 

The symptoms of dyspnea, des ‘ches f 
and syncope that patients with HC experience n ay 
relate to poor LV distensibility and. suboptimal LV re: 
laxation. Symptomatically, patients improve when g 
en verapamil therapy.^^!6 However, some: of the 
symptomatic improvement may be secondary toi pl a: 
cebo effect and objective increases in exercise et 
ance have also been reported in children and a dul 
Systolic function does not appear to be signific 
altered with verapamil but marked change 
ler diastolic filling patterns are.seen wi 
verapamil therapy.” It is possible that the sy 
improvement seen in these patients is se 
changes in diastolic function resulting in impr A 
filling and relaxation.®1318 The mechanisms | 
verapamil improves diastolic function remain? 
Whether long-term. verapamil therapy will impi 
the dismal prognosis of children diagnosed wit 
remains unknown. The effects of long-term verap: 
on the LV outflow tract obstruction, on the propen 
for life-threatening arrhythmias or on the risk of sud- 
g den death can only be assessed with the pu 

i time. J 
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and a reasonable predictor of survival to 6 months. 

. (p <0.05). There was no variable that efficiently 
predicted survival for any period >6 months. 
of 70 patients (2196 of the entire group), cl inical 
status and radionuclide ejection fraction imr yp roved 






tion fraction 0.10. No patient with a r dionucli 
ejection fraction 70.20 died within 6 months of as- — 
‘sessment. For those with ejection fraction between — 
.0.11 and 0.19, survival after cardiac transplantation _ 
exceeded that of the natural history of their disease; TN 
this suggests that transplantation should be und pu E 
r= — taken within 6 to 12 months of assessment. Left — DS 
ventricular ejection fraction 0.10 predicts an ex- MEX. 
tremely poor prognosis (6-month survival was - J 
17%) and such patients should be transplanted 
with minimal delay. 

(Am J Cardiol 1988; 61 | 
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termine what proportion of patients. improve di 
the course of their disease and a assess what) inf uence 
this has on survival. 


Methods 


Patients: The study group consisted of 79 patiósits ` i 

(63 men and 16 women], aged 9 to 67 years (mean 39+. 

13}, with idiopathic dilated cardiomyopathy referred 

for assessment for cardiac transplantation from Febru- 

ary 1984 to February 1987. Patients were followed for 1 

to 56 months or until death occurred. Follow-up infor- 

mation was obtained at repeat examinations or from 

responses to telephone calls or letters to the patients’ — 

Eo physicians or relatives. . | 
No a patent underwent transplantation Reasons in 














p teria: “AIL of pes following risk fac- 


ry of chest pain suggestive of ischemia, 
mption of >40 g of alcohol per day, (3) system- 
pertension, (4) valvular heart disease, (5) onset of 
tomsin the last trimester of pregnancy or within 5 
hs of delivery, (6) immune multisystem disease, 
temic disease including insulin-dependent dia- 
litus, malignancy or infection, {8} toxin- or 
induced cardiomyopathy, and (9) neuromus- 
ase—had to be excluded by history, exami- 
d appropriate studies before the diagnosis of 
ic cardiomyopathy was made. 
neral, patients were assessed when symptoms 
ere severe (New York Heart Association class III and 
IV) despite medical therapy and when clinical deterio- 
— had been evident. in the preceding weeks or 
nt 
In all patients the: following information was re- 
ded: (1) the presence or absence of a history sug- 
ng viral infection in the 6 weeks before onset of 
toms of cardiac failure; (2) the period between the 
of symptoms of cardiac failure and the time of 
ent for transplantation; (3) the period between 
iSsessment and follow-up or death, whichever 
ed first; and (4) the results of serial radionuclide 
ography. In a limited number of patients, data 
le regarding anticoagulation with warfa- 
| “occurrence of emboli, and tissue typing. 
estigations: Radionuclide ventriculography: 
-nine percent (70/79) of the study group under- 
went radionuclide ventriculography at the time of as- 
ssment and 26% of these patients (18/70) underwent 
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Lire the kidney and the brain, the heart plays a gators who would like to deepen their understanding 
three-fold role in essential hypertension: first, it is of cardiac involvement in hypertension, and of pro- 
directly involved in the pathogenesis of arterial hyper- gression as well as regression of left ventricular 
tension. ... Second, the heart suffers as a target organ hypertrophy, and the heart's structural and functional 
of long-standing hypertension.... Third, cardiac response to various blood pressure lowering agents." 
function and structure are directly and indirectly — from the Editor s Preface 


affected by a variety of antihypertensive agents. 
The Heart and Hypertension features contributions 
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less increase in heart rate and — 
less potential for arrhythmias 
than other catecholamines. 
Dobutrex does not significantly 
increase blood pressure? 


FOR PATIENTS WITH 
HEART FAILURE | 
FOLE WING CA RDIAC : 


WITHOUT INDUCING 
VASOCONSTRICTION 


Dobutrex is a myocardial 


vasoconstrictor effects. It 
works directly to increase 
myocardial contractility in 
patients suffering from heart 
failure. 


FOR PATIENTS WITH . Dobutrex improves the $ 
ACUTECONGESTIVE HEART FAILURE contractility of the depressed 
HEART FAILURE CUTE MI myocardium following cardiac 


surgery. i 
Afterload decreases in 
proportion with increases of — 
cardiac output. Asa result, — — 
Dobutrex reduces the risk of 
pulmonary edema and post- — . 

operative hypertension. 


Dobutrex quickly increases 
cardiac output, stroke volume, 
and organ perfusion. At the 
same time, Dobutrex reduces 
left ventricular filling pressure 
and systemic resistance, with 
little increase in heart rate * 


For MI patients who are not 
hypotensive or who have 
elevated filling pressures... 
Dobutrex maintains perfusion 
pressure by increasing cardiac 
output and decreasing vascular 
resistance. | 

Bloodandoxygenare  — “Excess dosage of dobutamine may produ 
supplied to the myocardium In rate, or ventricular ectopic activity. 
proportion to demand— with 


dobutamine hydrochloride | 
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See adjacent page for brief summary of prescribing information. 
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ex" solution 

hydrochloride injection 
Brief Summary. Consult the package insert for prescribing information. 
Clinical Pharmacology: Dobutrex Solution is a direct-acting inotropic agent whose 
primary activity results from stimulation of the 8 receptors of the heart while producing 
comparatively mild chronotropic, hypertensive, arrhythmogenic, and vasodilative effects. It 
does not cause the release of endogenous norepinephrine, as does dopamine. In animal 
studies, dobutamine produces less increase in heart rate and less decrease in peripheral 
vascular resistance for a given inotropic effect than does isoproterenol. 

In patients with depressed cardiac function, both dobutamine and isoproterenol increase 
the cardiac output to a similar degree. In the case of dobutamine, this increase is usually not 
accompanied by marked increases in heart rate (although tachycardia is occasionally 
observed), and the cardiac stroke volume is usually increased. In contrast, isoproterenol 
increases the cardiac index primarily by increasing the heart rate while stroke volume 
changes little or declines. 

Facilitation of atrioventricular conduction has been observed in human electrophysio- 
logic studies and in patients with atrial fibrillation. 

Systemic vascular resistance is usually decreased with administration of dobutamine. 
Occasionally, minimum vasoconstriction has been observed. 

Most clinical experience with dobutamine is short-term—up to several hours in duration. 
In the limited number of patients who were studied for 24, 48, and 72 hours, a persistent 
increase in cardiac output occurred in some, whereas the output of others returned toward 
baseline values. 

The onset of action of Dobutrex Solution is within one to two minutes; however, as much 
as ten minutes may be required to obtain the peak effect of a particular infusion rate. 

The plasma half-life of dobutamine in humans is two minutes. The principal routes of 
metabolism are methylation of the catechol and conjugation. In human urine, the major 
excretion products are the conjugates of dobutamine and 3-O-methyl dobutamine. The 
3-O-methyl derivative of dobutamine is inactive. 

Alteration of synaptic concentrations of catecholamines with either reserpine or tricyclic 

antidepressants does not alter the actions of dobutamine in animals, which indicates that 
the actions of dobutamine are not dependent on presynaptic mechanisms. 
Indications and Usage: Dobutrex Solution is indicated when parenteral therapy is 
necessary for inotropic support in the short-term treatment of adults with cardiac decom- 
pensation due to depressed contractility resulting either from organic heart disease or from 
cardiac surgical procedures. 

In patients who have atrial fibrillation with rapid ventricular response, a digitalis prepara- 
tion should be used prior to institution of therapy with Dobutrex. 

Contraindications: Dobutrex Solution is contraindicated in patients with idiopathic hy- 
pertrophic subaortic stenosis and in patients who have shown previous manifestations of 
hypersensitivity to Dobutrex. 
Warnings: 1. /ncrease in Heart Rate or Blood Pressure— Dobutrex Solution may cause a 
marked increase in heart rate or blood pressure, especially systolic pressure. Approxi- 
mately 10% of patients in clinical studies have had rate increases of 30 beats/minute or 
more, and about 75% have had a 50-mm Hg or greater increase in systolic pressure. 
Reduction of dosage usually reverses these effects promptly. Because dobutamine facili- 
. tates atrioventricular conduction, patients with atrial fibrillation are at risk of developing 
rapid ventricular response. Patients with preexisting hypertension appear to face an 
increased risk of developing an exaggerated pressor response. 

2. Ectopic Activity— Dobutrex Solution may precipitate or exacerbate ventricular ectopic 
activity, but it rarely has caused ventricular tachycardia. 

3. Hypersensitivity —Reactions suggestive of hypersensitivity associated with adminis- 
tration of Dobutrex Solution, including skin rash, fever, eosinophilia, and bronchospasm, 
have been reported occasionally. 

4. Dobutrex Solution contains sodium bisulfite, a sulfite that may cause allergic-type 

reactions, including anaphylactic symptoms and life-threatening or less severe asthmatic 
episodes, in certain susceptible people. The overall prevalence of sulfite sensitivity in the 
general population is unknown and probably low. Sulfite sensitivity is seen more frequently 
in asthmatic than in nonasthmatic people. 
Precautions: 1. During the administration of Dobutrex Solution, as with any 
adrenergic agent, ECG and blood pressure should be continuously monitored. In 
addition, pulmonary wedge pressure and cardiac output should be monitored 
whenever possible to aid in the safe and effective infusion of Dobutrex Solution. 

2. Hypovolemia should be corrected with suitable volume expanders before treatment 
with Dobutrex Solution is instituted. 

3. Animal studies indicate that dobutamine may be ineffective if the patient has recently 
received a B-blocking drug. In such a case, the peripheral vascular resistance may increase. 

4. No improvement may be observed in the presence of marked mechanical obstruction, 
such as severe valvular aortic stenosis. 

Usage Following Acute Myocardial Infarction— Clinical experience with Dobutrex Solu- 
lion following myocardial infarction has been insufficient to establish the safety of the drug 
for this use. There is concern that any agent which increases contractile force and heart 
rate may increase the size of an infarction by intensifying ischemia, but it is not known 
whether dobutamine does so. 

Usage in Pregnancy— Reproduction studies performed in rats and rabbits have revealed 
no evidence of impaired fertility, harm to the fetus, or teratogenic effects due to dobutamine. 
However, the drug has not been administered to pregnant women and should be used only 
when the expected benefits clearly outweigh the potential risks to the fetus. 

Pediatric Use—The safety and effectiveness of Dobutrex Solution for use in children 
have not been studied. 

Drug interactions— There was no evidence of drug interactions in clincial studies in 

which Dobutrex Solution was administered concurrently with other drugs, including digitalis 
preparations, furosemide, spironolactone, lidocaine, glycery! trinitrate, isosorbide dinitrate, 
morphine, atropine, heparin, protamine, potassium chloride, folic acid, and aceta- 
minophen. Preliminary studies indicate that the concomitant use of dobutamine and 
nitroprusside results in a higher cardiac output and, usually, a lower pulmonary wedge 
pressure than when either drug is used alone. 
Adverse Reactions: increased Heart Rate, Blood Pressure, and Ventricular Ectopic 
Activity—A 10- to 20-mm increase in systolic blood pressure and an increase in heart rate of 
5 to 15 beats/minute have been noted in most patients. (See Warnings regarding exagger- 
ated chronotropic and pressor effects.) Approximately 5% of patients have had increased 
premature ventricular beats during infusions. These effects are dose related. 

Miscellaneous Uncommon Effects—The following adverse effects have been reported 
in 1 to 3% of patients: nausea, headache, anginal pain, nonspecific chest pain, palpitations, 
and shortness of breath. 

No abnormal laboratory values attributable to Dobutrex Solution have been observed. 

Longer-Term Safety—Intusions of up to 72 hours have revealed no adverse effects other 

than those seen with shorter infusions. 
Overdosage: In case of overdosage, as evidenced by excessive alteration of blood 
pressure or by tachycardia, reduce the rate of administration or temporarily discontinue 
Dobutrex Solution until the patient's condition stabilizes. Because the duration of action of 
Dobutrex Solution is short, usually no additional remedial measures are necessary. 
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Cardiac Arrhythmias 


BY EDWARD K. CHUNG, M.D., FA.C.P,, FAC.C. 0-914316-43-5, 
November 1985, appx. 324 pp., $30.00 


The eminent clinician, professor, and medical writer Dr. Edward K. 
Chung, has produced the most current "how to" manual on cardiac 
arrhythmias. The book has been formatted and edited to facilitate its 
use as a ready reference to up-to-date material on diagnosing and 
managing arrhythmias commonly seen in daily clinical practice. Its 
purpose is not to discuss in-depth every aspect of various cardiac 
rhythm problems, but rather to provide the reader with a concise easy- 
to-use guide. An invaluable resource for all physicians and allied 
health professionals seeking to add to their clinical knowledge of a 
complex topic without the necessity of purchasing a large general text 
on cardiology. 


Cardiac Arrhythmias 


Self Learning Companion Volume to 


Manual of Cardiac Arrhythmias 


BY EDWARD K. CHUNG, M.D., FA.C.P., FA.C.C. 0-914316- 
46-X, November 1985, appx. 440 pp., $30.00 


Conceived by Dr. Chung as a companion volume to Manual of Car- 
diac Arrhythmias, this book includes 200 cases showing common 
cardiac arrhythmias frequently encountered in clinica! practice. 


Interpretation of the ECG training is aided by short case histories. 


The reverse side of each page gives a full analysis of the interpreta- 
tion of the tracing, enabling readers to assess their own ECG diagno- 
sis. In the majority of cases, three simultaneous ECG leads (leads V, 
Il, and V,) recorded by 3-channel ECG equipment, are shown for 
accurate diagnosis. In addition to the ECG diagnosis, the pertinent 
clinical significance and therapeutic approach are included in many 
instances. 


SAVE $$ Special Offer! 


Order and pay for these books now, Manual of Cardiac 
Arrhythmias, and Cardiac Arrhythmias: Self Learning, 


and pay $50.00. In order to qualify for these savings you 
must use the order form provided and pre-pay your 
order by check or credit card. 
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CONGENITAL HEART DISEASE 








Cardiac Malformations in Relatives of Children with 
Truncus Arteriosus or Interruption of the Aortic Arch 


MARY ELLA MASCIA PIERPONT, MD, PhD, JENNIFER WHITE GOBEL, MD, 
JAMES H. MOLLER, MD, and JESSE E. EDWARDS, MD 


Familial recurrence risks for congenital cardiac mal- 
formations have been estimated at 1 to 4%, but lit- 
tle is known of recurrence risks for uncommon con- 
genital cardiac malformations. This study deter- 
mined the incidence of congenital cardiac 
malformations in relatives of patients with either 
truncus arteriosus (TA) or interruption of the aortic 
arch (IAA) seen between 1955 and 1985. Prior to 
this study, only 2 cases of IAA in siblings had been 
reported and the recurrence risk of TA had been es- 
timated at 1.296. 

In the families of 36 index cases of IAA, there 
were 98 siblings, 2 with congenital cardiac malfor- 
mations (2.1976). All recurrences were in IAA type 
B families. Single cases of congenital cardiac mal- 
formations were found in second- and third-degree 
relatives and 2 cases in more distant relatives. In 
the families of 49 index cases of TA, there were 
106 siblings, 7 with congenital cardiac malforma- 


ES Sous of the aortic arch (IAA) and truncus ar- 
teriosus (TA) are uncommon cardiac malformations, 
representing 0.17% and 0.7%, respectively, of all con- 
genital cardiac malformations.! The familial incidence 
of cardiac malformations in siblings of index cases 
affected by either of these 2 malformations has been 
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tions (6.696). Two had TA, 3 had other conotruncal 
anomalies and 2 had other congenital cardiac mal- 
formations. Two parents had congenital cardiac 
malformations, 1 with TA and 1 with conotruncal 
malformation. Among second- and third-degree rel- 
atives, 7 had congenital cardiac malformations (5 
were conotruncal, including 1 half sibling). Among 
greater than third-degree relatives, 3 had congenital 
cardiac malformations. Thus, in IAA, the recurrence 
rate of congenital cardiac malformations (2.1% ) 
was higher than expected and could be related to 
the etiology of IAA type B as a conotruncal malfor- 
mation. In TA, the recurrence rate of congenital car- 
diac malformations was 6.696, higher than previ- 
ously reported. When TA was complex the recur- 
rence risk was higher (13.696). These findings 
must be taken into consideration for satisfactory ge- 
netic counseling. 

| (Am J Cardiol 1988;61:423-427) 


assumed to be similar to that of other types of cardiac 
malformations, variously reported at 1 to 4%.2 In the 
literature there has been 1 report? of a sibling recur- 
rence risk of all cardiac malformations for TA, but only 
3 cases of recurrence of TA in siblings.?-? No sibling 
recurrence risk for IAA has been published and only 2 
cases of IAA in siblings have been recorded in the 
literature.®’ This scarcity of information has made ge- 
netic counseling for families of children with either 
IAA or TA difficult and inadequate. Our study was 
designed to determine the occurrence of congenital 
cardiac malformations in siblings and relatives of in- 
dex cases of IAA and TA, to determine the concor- 
dance or discordance of the instances of congenital 
cardiac malformations and to identify possible terato- 
genic agents. Furthermore, since IAA type B is consid- 
ered a conotruncal malformation?? as is TA, we sought 
to determine if conotruncal malformations were more 
likely to reoccur in siblings. 


424 FAMILIAL CARDIAC MALFORMATIONS 


Methods 


All index cases of TA and IAA were evaluated 
while alive by pediatric cardiologists at the University 
of Minnesota Hospital or Minneapolis Children’s 
Medical Center. Confirmation of the cardiac malfor- 
mation was by 1 or more of the following methods: 
cardiac catheterization, surgery or necropsy. No cases 
were identified by necropsy alone. Seventy-nine cases 
of TA and 54 cases of IAA, born between 1950 and 
1984, were identified. If more than 1 child in a family 
had TA or IAA, only the first affected child was con- 
sidered an index case. We attempted to contact each 
family by questionnaire or telephone. If unsuccessful, 
we contacted the family physician of the index case 
and enlisted his or her help in locating the family. 
Other sources of assistance included relatives, motor 
vehicle registration offices and post offices. Informa- 
tion was obtained from the parents of index cases 
about occurrence of congenital cardiac malformations 
in siblings, parents and in relatives (second-degree 
relatives, including grandparents, aunts, uncles, neph- 
ews, nieces and half-siblings, third-degree relatives 
including first cousins and great-grandparents, and 
greater than third-degree relatives), the results of all 
pregnancies, medications, chemicals and x-ray expo- 
sures during pregnancies and geographic location. 

Documentation of all identified cases of congenital 
cardiac malformations in family members was ob- 
tained from records of cardiac examination, echocar- 
diography, cardiac catheterization and autopsy re- 
ports. The report of either a cardiac murmur or the 
occurrence of a "blue baby" who died between 1900 
and 1950 without autopsy was not accepted as a con- 
firmed case of a congenital cardiac malformation. 


Results 


Of 79 index cases of TA, we were able to locate 53 
families (Table I). One family refused to participate. 


TABLE! Search Outcome 
Truncus Interruption of 
Arteriosus the Aortic Arch 
Subjects participating 49 36 
Lost to follow-up 26 16 
Medical exclusions 3 2 
Refused participation 1 0 
Total index cases 79 54 


TABLE || Estimate of Sampling Error 
Original Study Total Reply 
Cardiac Index Cases Families for TA 
Malformation (n = 133) (n = 85) (n = 79) 
TA 79 (5996) 49(5896) | 49 (6196) 
IAA 54 (41%) 36 (42%) 


Three families were excluded from the final analysis 
because of medical reasons, 2 for maternal diabetes 
mellitus and 1 index case with presumed genetic syn- 
drome. The cases with maternal diabetes were exclud- 
ed because of the known association between this ma- 
ternal disease and cardiac malformations in offspring. 
Thus, for TA, 49 families form the basis of our study. 

We identified 54 index cases of IAA and were able 
to locate 38 families. Two families were excluded from 
analysis because other congenital anomalies in the in- 
dex case suggested a genetic syndrome. For our final 
analysis, 36 families participated. 

In retrospective studies of this type, sampling bias 
may cause errors in the estimate of familial risk. Those 
who answered the questionnaire (the compliant popu- 
lation) may not be representative of the entire popula- 
tion of index cases. As listed in Table II, the distribu- 
tion of families (either TA or IAA) in our compliant 
population (“Study Families”) did not differ signifi- 
cantly from the original families (“Original Index 
Cases”) suggesting that sampling error is likely to be 
small. The compliant population could be over-repre- 
sentative of families with affected relatives who are 
more motivated to reply. However, despite the fact 
that the overall reply rate for IAA (67%) was higher 
than for TA (61%), the number of families reporting 
another instance of congenital cardiac malformations 
(positive reply) was much higher in TA (41%) than IAA 
(11%). 

Truncus arteriosus: The cases of TA were sepa- 
rated into 2 groups: simple TA, which included cases 
without associated cardiac malformations other than 
truncal valve dysplasia or ventricular septal defect 
and complex TA, which included those with associ- 
ated cardiovascular malformations. 

Simple truncus arteriosus: There were 28 cases of 
simple TA. Two cases were excluded from further 
analysis because their mothers had diabetes mellitus. 
Of the remaining 26 cases of simple TA, 11 were fe- 
male and 15 were male. Of 62 siblings, only 1 (1.6%) 
had a congenital cardiac malformation (TA) (Table 
IIIJ. One of the 26 mothers also had TA. Two second- 
degree relatives had congenital cardiac malforma- 
tions, and in each it was a conotruncal abnormality: 
tetralogy of Fallot with pulmonary atresia in an uncle 
and transposition of the great vessels and hypoplastic 
right ventricle in an aunt. Two greater than third-de- 
gree relatives had congenital cardiac malformations, a 
ventricular septal defect in 1, and coexistent Ebstein's 
malformation and pulmonary atresia in the other. 


Total Reply Positive Replies Positive Replies 
for IAA for TA* for IAA* 
(n = 54) (n = 49) (n = 36) 
20 (41%) 
36 (67%) 4 (11%) 


* Positive reply indicates families reporting relatives with congenital cardiac malformation. 
IAA = interruption of aortic arch; TA = truncus arteriosus. 
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TABLE Ill Occurrence of Congenital Cardiac Malformations in Relatives of Index Cases with Truncus Arteriosus or with Interruption of 
the Aortic Arch 
Cardiac Index Total Concordant Parents 2? Relatives 3? Relatives 23? Relatives 
Malformation Cases Siblings CCM All CCM with CCM with CCM with CCM with CCM 
Simple TA 26 62 1 (1.6%) 1 (1.6%) 1 (1.9%) 2 0 2 
Complex TA 23 44 4 (9.196) 6 (13.696) 1(2.396) 3 2 1 
All TA 49 106 5 (4.7%) 7 (6.6%) 2 (2.2%) 5 2 3 
IAA-type A 6 13 0 0 0 0 0 0 
IAA-type B 29 81 0 2 (2.5%) 0 1 1 2 
IAA-type C 1 2 0 0 0 0 0 0 
All IAA types 36 96 0 2 (2.1%) 0 1 1 2 





Concordant CCM for TA: Tetralogy of Fallot, TA, transposition of the great vessels, double outlet right ventricle. 
CCM = congenital cardiac malformations; IAA = interruption of the aortic arch; TA = truncus arteriosus. 


Of 100 pregnancies in 26 mothers, including 1 twin 
pregnancy, there were 12 reported spontaneous abor- 
tions (12%). There was 1 stillbirth from a pregnancy of 
a mother receiving an unknown thyroid medication. 
One mother was receiving digitalis for congestive 
heart failure secondary to TA. One mother received 
ethosuximide, phenobarbital and phenytoin (at differ- 
ent times during her pregnancies) for a seizure disor- 
der. One mother received gamma globulin after expo- 
sure to rubella, 1 mother took bendectin for nausea 
and 1 mother took oral contraceptives during the first 
trimester of her pregnancy. Two mothers had abdomi- 
nal x-rays late in pregnancy, 1 had a chest x-ray and 1 
worked in a factory where she was exposed to cyanide 
and acids used in jewelry manufacture. Of the 26 fami- 
lies, 6 lived on farms, 8 in small towns (population 
<10,000), 7 in small cities (population 10 to 60,000) and 
5 in large cities (population >60,000). 

Complex truncus arteriosus: There were 23 index 
cases with complex TA (10 female and 13 male). These 
children had a wide variety of associated cardiovascu- 
lar malformations (Table IV) and some had more than 
1 associated malformation. There were 44 full siblings 
and 9 half siblings in the 23 index cases with complex 
TA (Table III). Six siblings (13.6%) and 2 half siblings 
(second-degree relative) had congenital cardiac mal- 
formations. The congenital cardiac malformations in 
the 6 full siblings were TA (1 case), IAA type B with 
biventricular origin of the pulmonary artery (1), tetral- 
ogy of Fallot (2), pulmonary stenosis (1) and coexistent 
atrial septal defect and patent ductus arteriosus (1). 
One half sibling had mitral atresia; a half sibling from 
a different family had IAA type B with double outlet 
right ventricle. One parent, a father, had tetralogy of 
Fallot with pulmonary atresia. A second-degree rela- 
tive (a niece of the index case) had tetralogy of Fallot 
with double aortic arch. Two third-degree relatives 
had congenital cardiac malformations, 1 being tetral- 
ogy of Fallot (a paternal first cousin) and the other 
coarctation of the aorta and ventricular septal defect. 
One greater than third-degree relative had aortic ste- 
nosis (a paternal cousin). 

Of 78 pregnancies in 23 mothers, there were 9 re- 
ported spontaneous abortions (11.5%), 1 mother hav- 
ing had 3. There were no stillbirths. Five of the 23 
mothers reported taking bendectin. Two fathers were 


exposed to Agent Orange, but the extent of their expo- 
sure was unknown. Of the 23 families, 6 lived in small 
towns, 5 in small cities and 10 in large cities. Geograph- — 
ic location was unknown in 2 families. 

Interruption of the aortic arch: According to the 
classification of IAA by Celoria and Patton,!? IAA can 
be divided into 3 groups according to the site of inter- 
ruption: type A, interruption distal to the left subclavi- 
an artery; type B, interruption between the left carotid 
and left subclavian arteries; and type C, interruption 
proximal to the origin of the left carotid artery. We 
found 6 cases of IAA type A, 29 of IAA type B, and 1 of 
IAA type C. 

Table V lists the associated cardiovascular malfor- 
mations in our IAA index cases. The most commonly 
associated malformations were ventricular septal de- 
fect and bicuspid aortic valve in all types of IAA. Aber- 
rant right subclavian artery was frequently identi- 
fied in IAA type B but not in IAA type A or C. Se- 
vere associated cardiovascular malformations varied 
among the types of IAA from 21 to 33%. 

Of the 6 cases of IAA type A, 4 were female and 2 
were male. Congenital cardiac malformations were 
not found among 13 siblings or any other relatives 
(Table III). Of the 29 cases with IAA type B, 14 were 
female and 15 were male. There were 81 siblings, 2 of 
whom had congenital cardiac malformations (2.5%) 


TABLE V Associated Cardiovascular Malformations of Complex 
Truncus Arteriosus 
Malformation No.* 
Right aortic arch 
Single ventricle 
Ventricular inversion 
Stenosis of pulmonary arteries 
Abnormal or single coronary artery 
Interruption of the aortic arch-type B 
Preductal coarctation of the aorta and severe 

tubular hypoplasia of aorta between LCC and LSCA 
AV canal 
Anomalous venous connections (including persistent LSVC) 
Absent left pulmonary artery 


- 0 RN COO 


- CO — 


* Some cases have more than 1 associated cardiac malformation. 
AV = atrioventricular; LCC = left common carotid artery; LSCA = left sub- 
clavian artery; LSVC = left superior vena cava. 
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No.* 
Affected 


Total IAA 
Type A (%) 
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Associated Malformation 


. IAA Type A (n = 6) 

Ventricular septal defect 3 
| Severe associated malformations 2 
(2) AP window 
Bicuspid aortic valve 1 
Subaortic stenosis 1 16 96 
None 1 16 96 
Aberrant RSCA 0 0 
Right aortic arch 0 0 


50% 
33 96 


16% 


Total IAA 

Type B (96) 
7696 
24% 
21% 


.. IAA Type B (n = 29) 
| Ventricular septal defect 
Bicuspid aortic valve 7 
| Severe associated malformations 6 
(2) TGV, tricuspid atresia, VSD, 
hypoplastic RV 
f (1) TGV, VSD, aberrant LSCA 
| (1) Biventricular origin of pulmonary 
. artery above VSD with subaortic stenosis 
(1) Double inlet LV, ventricular inversion 
(1) Single atrium with AV canal 
Aberrant RSCA 
Subaortic stenosis 
None 


17% 
17% 
14% 
10% 


or an 


Right aortic arch 
Total IAA 
_ IAA Type C (n = 1) Type C (96) 
| Ventricular septal defect 1 100 96 
gieues mE 
... * Some cases have more than one associated cardiac malformation. 

AP = aortopulmonary; LSCA = left subclavian artery; LV = left ventricle; 
_ RV = right ventricle; RSCA = right subclavian artery; TA = truncus arterio- 
. Sus; TGV = transposition of the great vessels; VSD = ventricular septal de- 
. fect. 


occurring in 2 families. The first family included an 
index case with IAA type B, complete transposition of 
the great vessels, ventricular septal defect and tricus- 
pid atresia, whereas the affected sibling had complete 
transposition of the great vessels. In the second family 
the index case had IAA type B witha ventricular septal 
defect and subaortic stenosis. In her brother, a patent 
ductus arteriosus was diagnosed at the age of 3 years. 
Unfortunately there was no autopsy on the index case 
in the second family, so it was not clear whether the 
ventricular septal defect was a conotruncal “malalign- 
ment” type, although the presence of subaortic steno- 


sis strongly suggests it.? In other relatives of our index 


cases with IAA, there was 1 second-degree relative 
(maternal aunt) with coarctation of the aorta and 1 


_ third-degree relative with atrioventricular canal. In 2 


greater than third-degree relatives, the congenital car- 
diac malformation was a ventricular septal defect (1 a 


_ paternal second cousin). All of these affected relatives 
_ were in families of children with IAA type B. Our 1 


case of type C IAA was verified by autopsy. Neither of 
this child's 2 siblings nor relatives had congenital 


cardiac malformations. The overall recurrence rate 


among our 36 cases of IAA was 2.1%. 
__ Of 142 pregnancies, including 3 twin pregnancies, 
there were 13 spontaneous abortions (9.2%), 1 mother 


a Me LM = ees Cie ———— — — — 
pa ES SES — 
"c N Hn ^ S —— 
ae iw 


having had 4. There were no stillbirths. One mother 
received a diuretic for hypertension, 1 received am- 
phetamines and sleeping pills (not on a regular basis) 
and 2 reported taking bendectin. One mother had a 
chest x-ray, 1 an abdominal x-ray at 8 months’ gesta- 
tion and 1 worked near plastic solvents in a factory. Of 
the 36 families, 8 lived on farms, 18 in small towns, 3 in 
small cities and 6 in large cities. Residence of 1 family 
was unknown. 


Discussion 


Congenital cardiac malformations have been at- 
tributed to multifactorial or polygenic inheritance.2 As 
such, the recurrence risks for most congenital cardiac 
malformations have previously been estimated be- 
tween 1 and 4%, but little is known about the familial 
occurrence of rare congenital cardiac malformations 
such as TA or JAA. Our study identified a 2.5% recur- 
rence of congenital cardiac malformations in siblings 
of children with IAA type B, but no recurrences of 
congenital cardiac malformations in siblings of chil- 
dren with IAA type A or C, for an overall recurrence 
rate of 2.1% for all types of IAA. An explanation of the 
difference in recurrence rate for IAA type A versus 
IAA type B may be found in recent work by Van- 
Mierop and Kutsche,? which provides evidence that 
IAA type B is a conotruncal anomaly, etiologically and 
pathogenetically distinct from IAA type A and its relat- 
ed congenital cardiac malformation, coarctation of the 
aorta. It would seem prudent, then, to separate recur- 
rence risks for IAA type A from IAA type B when 
genetic counselling is provided. 

Our study also revealed a higher than expected 
recurrence rate of congenital cardiac malformations in 
siblings of index cases with TA (6.6%). There was a 
marked difference in recurrence rate for siblings of 
those children with complex TA (13.6%) versus those 
with simple TA (1.6%) (Table III). In addition, parents 
and other relatives of children with TA frequently had 
congenital cardiac malformations, in particular cono- 
truncal malformations. 

The higher recurrence of congenital cardiac mal- 
formations in siblings of children with TA, especially 
complex TA (13.6%, as seen in Table III) suggests that 
other factors may contribute to recurrence of congeni- 
tal cardiac malformations in these families. TA and 
IAA type B are both conotruncal anomalies,®? with TA 
representing the most extreme form of a spectrum of 
conotruncal malformations as evidenced by a com- 
plete lack of aorticopulmonary septation. 

Given the high reported association of DiGeorge 
syndrome with IAA type B and TA (68% of type B 
interruptions and 33% of children with truncus, ac- 
cording to 1 author"), we examined our 2 study groups 
for evidence of the syndrome. We were not able to 
verify any cases of DiGeorge syndrome in the TA 
group and identified only 1 suspected case in a child 
with IAA type B. It is possible that some cases of Di- 
George syndrome were unrecognized in our study 
group, especially when there was early death (typical- 
ly at <1 week of age for those with IAA and <1 month 
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for those with TA). Also, prior to 1965, there was essen- 
tially no testing for T-cell dysfunction. 

Our study has documented a higher than expected 
rate of occurrence of cardiac malformations in siblings 
of index cases with 2 types of conotruncal malforma- 
tions, TA and IAA type B. Previously there have been 
suggestions that conotruncal malformations have pos- 
sible monogenic inheritance.*!? Such an inheritance 
pattern (for example, autosomal recessive) could ac- 
count for the higher incidence of recurrence in the 
complex truncus arteriosus families that we have ob- 
served (13.6 vs 1.6% recurrence in simple truncus ar- 
teriosus). Autosomal recessive genes may exert control 
over mesenchymal tissue or neural crest migration,"® 
and thus contribute to the cardiac malformation. 

Our search for a common geographic or teratogenic 
agent did not reveal a consistent association between 
any factor and the occurrence or reoccurrence of con- 
genital cardiac malformations in the study families. It 
must be noted that ours was not a population-based 
study nor was it case-controlled; therefore, the fre- 
quency of the studied characteristics in the general 
population is not known. The only frequently identi- 
fied drug exposure was to bendectin, which was taken 
by 8 of the 85 (9.0%) mothers. In a recent study by 
Zierler and Rothman? on maternal use of bendectin 
and its relation to congenital heart disease in offspring, 
they found that 17% of mothers (both in the study and 
control groups) reported using bendectin and that con- 
genital heart malformations, considered separately or 
overall, could not be attributed to it. Our studies of 
geographic distribution showed a predominance of 
families living in small towns (32 of 85 families), with a 
fairly equal number of families living on farms (15), 
small cities (16) and large ones (22). The location of 3 
families (during the pregnancies) was unknown. 

In summary, our study has documented a recur- 
rence of cardiac malformations in siblings of children 
with TA and IAA higher than previously suspected 
(6.6% and 2.1%, respectively). In particular, IAA type 
B (2.5%) and complex TA (13.6%) are frequently asso- 
ciated with familial recurrence. Our results suggest 
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that other factors, including single-gene inheritance, 
may play a role in the recurrence of congenital cardiac 
malformations. Families having a child with TA or 
IAA should be informed of the increased risk of con- 
genital cardiac malformation in subsequent children, 
particularly families already having a child with com- 
plex TA or IAA type B. In these families, fetal echocar- 
diography may have a role in the diagnosis of congeni- 
tal cardiac malformations in subsequent pregnancies. 


Acknowledgment: We wish to thank the following 
pediatric cardiologists who assisted us in identifying 
and contacting the index cases: Drs. F. Blanton Bes- 
singer, Jr, Harold Katkov, George R. Noren, Amarjit 
Singh and R. Frederic Stone. We also thank Linda 
Boche for her invaluable assistance in the preparation 
of the manuscript. 


References 


1. Keith JD, Rowe RD, Vlad P. Heart Disease in Infancy and Childhood. 3rd 
ed. New York: MacMillan, 1978:5. 

2. Nora JJ, Nora AH. Genetic epidemiology of congenital heart diseases. Prog 
Med Genet 1985;5:91-137. 

3. Goodyear JE. Persistent truncus arteriosus in two siblings. Br Heart | 
1961;23:194-196. 

4. Brunson SC, Nudel DB, Gootman N, Aftalion B. Truncus arteriosus in a 
family. Am Heart J] 1978;96:419-420. 

5. Shapiro SR, Ruckman RN, Kapur S, Chandra R, Galioto FM, Perry LW, and 
Scott LP. Single ventricle with truncus arteriosus in siblings. Am Heart J] 
1981;102:456-459. 

6. Neufeld HN, Ongley PA, Swan HJC, Burgert CO, Edwards JE. Biventricu- 
lar origin of the pulmonary trunk with subaortic stenosis above the ventricular 
septal defect. Am Heart J 1961;61:190-198. 

7. Buch J, Wennevold A, Efsen F, Andersen GE. Interrupted aortic arch in 
two siblings. Acta Pediatr Scand 1980;69:783-785. 

8. VanMierop LHS, Kutsche LM. Interruption of the aortic arch and coarcta- 
tion of the aorta: pathogenetic relations. Am J Cardiol 1984;54:829-834. 

9. Clark EB. Mechanisms in the pathogenesis of congenital heart defects. In: 
Pierpont ME, Moller JH, eds. The Genetics of Cardiovascular Disease. Bos- 
ton: Martinus-Nijhoff, 1987:3-11. 

10. Celoria GC, Patton RB. Congenital absence of the aortic arch. Am Heart J 
1959;58:407-413. 

11. VanMierop LHS, Kutsche LM. Cardiovascular anomalies in DiGeorge 
syndrome and importance of neural crest as a possible pathogenetic factor. 
Am J Cardiol 1986;58:133-137. 

12. Miller ME, Smith DW. Conotruncal malformation complex: examples of 
possible monogenic inheritance. Pediatrics 1979;63:890-893. 

13. Zierler S, Rothman KJ. Congenital heart disease in relation to maternal 
use of bendectin and other drugs in early pregnancy. N Engl J Med 1985; 
313:347-352. 


Inducible Atrial Flutter After the Mustard Repair 
of Complete Transposition of the Great Arteries 


VICTORIA L. VETTER, MD, CAROL S. TANNER, BS, 
and LEONARD N. 


Atrial flutter is a common postoperative arrhythmia 
in patients with complete transposition of the great 
arteries (d-TGA) after the Mustard repair. Sixty pa- 
tients with d-TGA who had the Mustard repair were 
evaluated by electrophysiologic studies. Thirty-three 
(55%) had inducible sustained atrial flutter; 17 of 
them developed spontaneous clinical episodes of 
atrial flutter (clinical atrial flutter group) and 16 did 
not (nonclinical atrial flutter group). In 6 of the 17 
patients (3596) with clinical inducible atrial flutter, 
. the condition was first documented in the electro- 


physiologic laboratory with subsequent development 
of spontaneous clinical episodes. Catheter endocar- 


C ardiac arrhythmias have become a major long-term 
postoperative complication of the Mustard repair of 
complete transposition of the great arteries (d-TGA).1 
Multiple studies have described electrophysiologic 
abnormalities and postoperative arrhythmias, includ- 
ing sinus node dysfunction along with supraventricu- 
lar tachycardia and atrial flutter.?-* Some controversy 
remains as to the relative importance of these arrhyth- 
mias and their relation to the sudden deaths that affect 
2 to 8% of these patients.’ This study examines the 
relation of electrophysiologic abnormalities, especial- 
ly inducible atrial flutter, to clinical arrhythmias in 
patients with d-TGA after the Mustard repair. 


Methods 


Patient population: Sixty patients who had the 
Mustard repair of d-TGA had 62 electrophysiologic 
studies. The study population included 49 patients 
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dial mapping, used to determine atrial activation se- 
quences and conduction intervals, revealed intraatri- 
al conduction delays with late activation of the low 
atrial sites in all patients. Abnormalities of atrial re- 
fractoriness were present, with a greater dispersion 
of atrial refractoriness found in the clinical atrial flut- 
ter group. Severe abnormalities of sinus nodal func- 
tion appeared to a significantly greater degree 
among patients who had clinical episodes of atrial 
flutter. These electrophysiologic abnormalities and 
associated arrhythmias may predispose patients 
with d-TGA to sudden death. 

(Am J Cardiol 1988;61:428—435) 


designated for routine postoperative examinations and 
11 patients who presented with clinical episodes of 
atrial flutter. Two patients had 2 studies each. The 
Mustard repair was performed from the ages of 2 
months to 10 years, 3 months (mean + standard devi- 
ation 1.5 + 1.8 years) whereas the electrophysiologic 
studies were performed at a postoperative interval of 1 
month to 15 years, 3 months (mean 6.1 + 3.4 years). 
There were 44 boys and 16 girls in the group. Forty-two 
patients had intact ventricular septum, 13 had ventric- 
ular septal defect, 3 had pulmonary stenosis, 1 had 
significant patent ductus arteriosus and 1 had coarcta- 
tion of the aorta. 

The patients were separated into 3 groups. The first 
group (clinical inducible atrial flutter group) included 
17 patients who had inducible atrial flutter during the 
electrophysiologic study and who have had spontane- 
ous clinical episodes of atrial flutter either before or 
after the electrophysiologic study. Nineteen studies 
were performed in this group with 2 patients having 2 
studies. Mean follow-up since the electrophysiologic 
study in this group has been 3.9 + 2 years. The second 
group (nonclinical inducible atrial flutter group) in- 
cluded 16 patients with inducible atrial flutter during 
the electrophysiologic study who never had clinical 
episodes of atrial flutter. Mean follow-up since the 
electrophysiologic study in this group has been 6.3 + 
2.0 years. The third group (no atrial flutter group) in- - 
cluded 27 patients in whom atrial flutter could not be 
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induced and who subsequently have not had clinical 
episodes of atrial flutter. Mean follow-up since the 
electrophysiologic study has been 5.2 + 2.3 years. 

There were no significant differences in the ages of 
each group at the time of surgery or in the postopera- 
tive intervals from surgery to electrophysiologic study 
(Table I). The years of follow-up since the electrophys- 
iologic study were significantly shorter in the clinical 
atrial flutter group when compared with either of the 
other 2 groups (p <0.001). 

Electrophysiologic studies: Written informed con- 
sent was obtained and the research protocol approved 
by the institutional review board. No patient had been 
treated with calcium antagonists or 8 blockers before 
the studies. Digoxin administration was stopped 1 to 7 
days before the study except in 3 patients. Patients 
were sedated with intramuscular pentobarbital (4 mg/ 
kg) and intramuscular morphine sulfate (0.15 mg/kg) 
or oral pentobarbital (4 mg/kg) and oral meperidine (3 
mg/kg). Blood pressure was monitored with a femoral 
arterial line. Studies were performed before angiogra- 
phy using 2 to 4 quadripolar electrode catheters. In this 
study, all areas of the heart are referred to by anatomic 
terms. The number of recording sites usually included 
the high right atrium, the atrioventricular junction at 
the His bundle site, the left atrial appendage and the 
right or left ventricle. A tripolar or quadripolar cathe- 
ter was used to obtain the His bundle electrogram and 
generally was positioned through the aorta and right 
ventricle in a retrograde fashion across the tricuspid 
valve. 

Three surface electrocardiograms, I, aVF and V4, 
were recorded along with 3 or 4 intracardiac electro- 
grams filtered at 40 to 500 Hz. Analog copies were 
obtained during the study using an 8-channel Min- 
gograf ink-jet recorder at paper speeds of 100 to 250 
mm/s. 

The electrophysiologic study protocol comprised: 
(1) basal recordings of spontaneous cycle length, AH 
and HV intervals; (2) atrial pacing at incremental rates 
using appropriate cycle lengths ranging from 800 to 250 
ms; (3) single premature atrial stimuli during sinus 
rhythm and at least 2 paced cycle lengths, usually in 2 
atrial sites: high right atrium and left atrial appendage; 
(4) double premature atrial stimulation at 2 paced cycle 
lengths, usually in the 2 atrial sites; (5) ventricular pac- 
ing and single and double premature ventricular stim- 
ulation at multiple cycle lengths; (6) catheter endocar- 
dial mapping of atria during spontaneous rhythm con- 
sisting of intracardiac recordings at 5 to 8 sites in the 
right atrium and left atrium, including the high right 


TABLE! Patient Population 





Pts Studies Age at Surgery Postoperative EPS Follow-Up 


Group (n (n) (yrs) (yrs) (yrs) 
Clinical IAF 17 2-49 2.0 4 2.9 6.7 € 3.6 3.9+ 2.0 
Nonclinical IAF 16 16 1.5 4 0.9 6.44 3.3 6.3 + 2.0 
No AF 27 i 1.2 40.8 55432 5.243 2.3 


All data are expressed as mean + standard deviation. 
AF = atrial flutter; EPS = electrophysiologic study; IAF = inducible atrial 
flutter. 


atrium, mid lateral right atrium, low medial right atri- 
um, low lateral right atrium, left atrial appendage, mi- 
tral valve ring, His bundle position and the posterior 
left atrium near the pulmonary veins. 

Endocardial catheter mapping: This procedure 
was performed using 1 or more 5Fr or 6Fr quadripolar 
electrode catheters as exploring electrodes at the map- 
ping sites listed in the electrophysiologic protocol. One 
catheter was left in a stable position and used as a 
reference electrode. The onset of the P wave when 
visible or the electrogram from the reference or stable 
electrode catheter was used as a reference point. The 
activation measurement was taken at the point at 
which the most rapid deflection crossed the baseline. 
The earliest site of activation was considered to be the 
origin of the rhythm. The activation sequence and in- 
traatrial conduction times were determined. Sinus 
rhythm was defined as that atrial rhythm with earliest 
activation occurring in the high right atrium near the 
onset of the P wave. Ectopic atrial rhythm was defined 
as that atrial rhythm with earliest activation at an atrial 
site other than the high right atrium, usually in the left 
atrium or low right atrium. Junctional rhythm was de- 
fined as that rhythm with the earliest activation origi- 
nating in the His bundle or ventricle and followed by 
(or not associated with) atrial activation. 

Statistical analysis: All statistical analyses were 
performed on an IBM AT computer using the EPI- 
STAT statistical software package. The 2-tailed Stu- 
dent unpaired t test, chi-square analysis and Fisher's 
exact test were used. A p <0.05 was considered statisti- 
cally significant. All data are expressed as mean + 
standard deviation. 


Results 

Cardiac catheterization: Table II shows the results 
of cardiac catheterization in each of the 3 groups. He- 
modynamic abnormalities were similar in each group. 








TABLE Cardiac Catheterization 
Studies IVC SVC Qp/Qs PAP LVEDP RVEDP RAP LAP 
(n) Obstr. Obstr. >1.5 =20 =10 =10 >10 >10 
Clin IAF 19 1 7 4 0 4 1 7 
Nonclin IAF 16 3 9 3 0 3 0 7 
No AF 27 0 10 5 3 5 2 6 





AF = atrial flutter; Clin IAF = Clinical inducible atrial flutter; IVC Obstr. = inferior vena caval obstruction; LAP = left 
atrial pressure; LVEDP = left ventricular end-diastolic pressure; Nonclin IAF = Nonclinical inducible atrial flutter; PAP 
= mean pulmonary artery pressure; Qp/Qs = ratio of pulmonic to systemic blood flow; RAP = right atrial pressure; 
RVEDP = right ventricular end-diastolic pressure; SVC Obstr. = superior vena caval obstruction. 
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FIGURE 1. Origin of rhythm as determined by atrial activation maps 
in patients with clinical atrial flutter (CAF), nonclinical atrial flutter 
(NCAF) and no atrial flutter (NAF). The percentages of patients in 
normal sinus rhythm (NSR) in each group was similar, whereas 


. junctional rhythm (JR) was present in 26% of patients with CAF 
. compared with 6% with NCAF and 8% with NAF. EAR = ectopic 


atrial rhythm. 
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FIGURE 2. Comparison of type of rhythm as determined by rest 
electrocardiograms (ECG), ambulatory electrocardiograms (AM) 
and catheter endocardial mapping (MAP) in the clinical atrial flutter 


group (top left), nonclinical atrial flutter group (top right) and no 


atrial flutter group (bottom). ECG and AM revealed little difference 
in the type of rhythm in any group, whereas the mapping data in 
each group revealed that rhythms considered to be junctional 
rhythms (JR) by ECG or AM criteria actually were normal sinus 
rhythms (NSR) or ectopic atrial rhythms (EAR). 


Endocardial atrial mapping: Catheter endocardial 
atrial mapping in the resting or basal rhythm was used 
to determine the type of rhythm, the atrial activation 
sequence and the intraatrial conduction times. The 
type and incidence of rhythms found during catheter 
mapping in the 3 groups are shown in Figure 1. The 
incidence of sinus rhythm was similar in all 3 groups. 


"The incidence of ectopic atrial rhythms was similar in 


the nonclinical inducible atrial flutter and no atrial 
flutter groups. Junctional rhythms were more common 
in the clinical inducible atrial flutter group than in 


TETAI NNDRESTO ACER 
iT T3 Ve was MM 
TONER CRI eet 


either of the other 2 groups, but these differences were 
not statistically significant. | | 

Comparison of mapping and electrocardiographic 
data: The type of rhythm as determined by mapping 
data was compared with surface electrocardiographic 
data, including rest electrocardiograms and 24-hour 
ambulatory electrocardiograms in all groups. The cor- 
relation of rest electrocardiograms and 24-hour elec- 
trocardiograms was excellent with differences noted 
between surface electrocardiograms and endocardial 
catheter maps. Figure 2 compares the rhythms present 
on the rest electrocardiograms, ambulatory electrocar- 
diograms and catheter maps in each group. The pre- 
dominant rhythm on 24-hour ambulatory monitoring 
was defined as sinus rhythm if it was present >90% 
of the recording period. Ectopic atrial or junctional 
rhythm was considered to be the predominant rhythm 
if present >50% of the recording. 

In all 3 groups, many rhythms believed to be junc- 
tional rhythms by surface electrocardiographic data 
were actually found by catheter endocardial mapping 
data to be sinus rhythms with very delayed activation 
of the low atrial sites, or ectopic atrial rhythms with 
abnormal atrial activation sequences and intraatrial 
conduction delays. These abnormal activation se- 
quences or intraatrial conduction delays may result in 
a P wave not recognizable on the surface electrocar- 
diogram and appearing to be a junctional rhythm. 

Response to atrial stimulation: Rapid atrial pacing 
and single and double premature atrial stimulation 
were performed in all 60 patients. Of this total, 33 
(55%) had inducible sustained atrial flutter, occurring 
in 35 of 62 studies (56%). In all patients with inducible 
atrial flutter, the condition persisted for over 5 minutes 
and was terminated by rapid atrial pacing—except in 2 
patients in the nonclinical inducible atrial flutter 
group who had spontaneous termination after 2 and 3 
minutes, respectively. The same atrial flutter was re- 
producibly initiated on at least 2 occasions in all pa- 
tients with clinical atrial flutter, with the exception of 2 
patients because of their clinical status. An example of 
inducible atrial flutter is shown in Figure 3. Using the 
same protocol in our laboratory, sustained atrial flutter 
has been induced in 6% of patients studied after tetral- 
ogy of Fallot repair who have never had clinical epi- 
sodes of atrial flutter. In 20 patients studied after arte- 
rial switch repair of transposition of the great arteries, 
sustained atrial flutter was not induced. 

Of the 33 patients, 17 with inducible atrial flutter 
had spontaneous clinical episodes of atrial flutter doc- 
umented by rest electrocardiograms in 13, by 24-hour 
ambulatory monitor alone in 1 and by symptoms of 
palpitations, dizziness or chest pain that were repro- 
duced by the electrically induced atrial flutter in 3. In 
the 13 patients who had electrocardiographic docu- 
mentation of atrial flutter, the morphology of the in- 
duced atrial flutter was the same as the clinical atrial 
flutter. The cycle length of the clinical atrial flutter was 
224 + 18 ms compared with a cycle length of 241 + 37 
ms during the electrophysiologic study. Eleven of the 
17 patients were known to have atrial flutter before the 
time of the study and 3 of them participated in previous 
studies 3.9 to 6.4 (5.23 + 1.03) years before their presen- 
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tation with clinical atrial flutter (at which time atrial 
flutter was not induced). These 3 patients had induci- 
ble atrial flutter during their second study after the 
clinical episodes of atrial flutter had occurred. In 6 of 
the 17 patients with clinical inducible atrial flutter, the 
clinical episodes of atrial flutter were not documented 
until after the atrial flutter was induced during the 
electrophysiologic study. In these patients, the sponta- 
neous clinical episodes were noted from 2 days to 6 
years after the electrically induced episodes in the 
electrophysiologic laboratory. 

The 16 patients with nonclinical inducible atrial 
flutter have not had clinical episodes during 6.3 + 2.0 
years of follow-up since their electrophysiologic stud- 
ies. 

In 27 patients, atrial flutter could not be induced. 
None of these patients have developed clinical atrial 
flutter during 5.2 + 2.3 years of follow-up. 

Patients with clinical atrial flutter could be more 
easily induced from both the anatomic right and left 
atrial portions of the new right atrium than patients 
with nonclinical atrial flutter, who were more com- 
monly induced only from the right atrial portion of the 
new right atrium. Two patients in the nonclinical in- 
ducible atrial flutter group were induced by single 
premature atrial stimulation. All the remaining pa- 
tients in both the clinical and nonclinical groups with 
inducible atrial flutter required double premature 
atrial stimulation for initiation of their atrial flutter. 
The cycle length of the induced atrial flutter in the 
clinical group ranged from 180 to 350 ms (241 + 37) 
whereas the cycle length of the atrial flutter in the 
nonclinical group was 170 to 350 ms (233 + 46). These 
values were not significantly different. 

Atrioventricular conduction during atrial flutter: 
Of the 17 patients in the clinical inducible atrial flutter 
group, atrioventricular conduction was 1:1 in 5 patients 
with a shortest cycle length of 180 ms. In 7 patients, the 
conduction was 2:1, including 2 patients who received 
digoxin 1 week before the study. In an additional 5 
patients, 2 who were receiving digoxin at the time of 
the study, atrioventricular conduction was 23:1. Of the 
16 patients in the nonclinical inducible atrial flutter 
group, none had recently been taking medication. 
Atrioventricular conduction was 1:1 in 7 patients with 
a shortest cycle length of 170 ms. In all the remaining 9 
patients, atrioventricular conduction was 2:1. 

Atrial electrophysiology: atrial activation and in- 
traatrial conduction delay: Figure 4 compares the ac- 
tivation sequences and intraatrial conduction intervals 
of the patients from each group who were in sinus 
rhythm with normal atrial activation sequences. In 
each group, activation spread from the high right atri- 
um to the mid right atrium and low right atrium at the 
atrioventricular junction. Very late activation of the 
low lateral and low medial right atrium, indicating a 
marked intraatrial conduction delay, was found in pa- 
tients in all 3 groups. There were no statistically signif- 
icant differences in activation times among the 3 
groups. 

In the patients with ectopic atrial rhythms, the ori- 
gins of these rhythms and the activation sequences 
varied within groups and were not significantly differ- 


ent between groups. Ectopic rhythms were noted to 
originate in the mid right atrium, low right atrium at 
the atrioventricular junction, the low lateral right atri- 
um and the left atrium. Of note were the marked de- 
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FIGURE 3. Initiation of sustained atrial flutter after Mustard repair 
for complete transposition of the great arteries. Electrocardiograph- 
ic leads V4, | and aVF are shown with electrograms recorded from 
the high right atrium (HRA), right ventricle (RV) and 10-ms time 
lines (TL). After atrial pacing at 400 ms for 8 complexes, 2 prema- 
ture atrial stimuli were introduced at 220 ms and 180 ms, and 
sustained atrial flutter at 200 ms was initiated. The stimulus arti- 
facts are indicated by S and the atrial electrograms by A. 
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FIGURE 4. Comparison of atrial activation maps among groups. (A) 
normal; ( B) clinical atrial flutter; ( C) nonclinical atrial flutter; (D) no 
atrial flutter. Mean activation times of each site are shown. A, the 
normal mean activation times were determined in patients who had 
no congenital heart disease and no atrial arrhythmias. B, C and D, 
note the late activation of all low right atrial sites in the patients with 
transposition of the great arteries after Mustard repair. RA — right 
atrium. 
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lays in activation between adjacent sites such as the 
low right atrium and low medial right atrium or the low 
lateral and low medial right atrium. These delays were 
present in all 3 groups. The activation sequences and 
intraatrial conduction intervals of a patient with an 
ectopic atrial rhythm is shown in Figure 5 and illus- 
trates the marked delays in activation between adja- 
cent sites. 

With the exception of 1 patient in whom atrial flut- 
ter could not be induced, all patients in all groups had 
intraatrial conduction delays. Although the degree of 
the delay varied between groups, these differences 
were not statistically significant. 

Atrial refractory periods: Effective and functional 
refractory periods were determined in all patients at 
multiple cycle lengths in both the anatomic right atrial 
and left atrial portions of the new right atrium (Tables 
III and IV). 

The mean effective and functional atrial refractory 
periods in the high right atrium were in the upper 
range of normal for age in all 3 groups." Abnormalities 
of effective or functional atrial refractory periods were 








TABLE Ill Effective Atrial Refractory Periods (in ms) 

Clinical AF Nonclinical AF No AF 
RA EARP (600) 228 + 35 250 + 28 239 + 27 
LA EARP (600) 192 + 40 225 + 29 215 = 27 
A EARP (600) 36 25 24 
p value <0.05 NS <0.05 
RA EARP (500) 217+ 39 229 + 41 230 + 27 
LA EARP (500) 180 + 24 214+ 30 207 + 34 
A EARP (500) 37 15 23 
p value <0.01 NS NS 
RA EARP (400) 202 + 15 167 + 15 216 + 44 
LA EARP (400) 170 + 26 160 + 18 180 + 38 
A EARP (400) 32 7 36 
p value <0.05 NS NS 


All values are expressed as mean + standard deviation. 
AF = atrial flutter; EARP = effective atrial refractory periods; LA = left 
atrium; NS not significant; RA = right atrium. 


FIGURE 5. Atrial activation map in a patient with an 
ectopic atrial rhythm after Mustard repair of complete 
transposition of the great arteries. Left, diagrammatic 
illustration of atrial activation times at several sites in 


LLRA o the right atrium (RA) and anatomic left atrium. Right, 
ERA analog data from which activation map was construct- 
. Left Atrium (AVJ) 20 666 — 
AM x ME SR | ed. Electrocardiographic leads V4, | and aVF are 


shown along with electrograms recorded from the low 
lateral right atrium (LLRA), low right atrium (LRA) at 
the atrioventricular junction (AVJ), high right atrium 
(HRA), mid lateral right atrium (MLRA), mitral valve 
(MV), low medial right atrium (LMRA), left atrial ap- 
pendage (LAA) and 10 ms-time lines (TL) along with 
the respective activation times. The dotted line indi- 
cates the earliest onset of activation in the LLRA. The 
other activation times are referenced to the LLRA site. 
The LMRA was activated 60 ms later, indicating a 
marked delay in intraatrial activation between adja- 
cent sites. 


noted in 0 to 20% of patients. The differences between 
groups did not reach statistical significance. The mean 
effective and functional atrial refractory periods in the 
left atrial appendage were within the normal range of 
values. Abnormalities of atrial refractoriness were 
noted in 3 to 6% of the patients in the left atrial ap- 
pendage, with no significant differences between the 3 
groups. 

Dispersion of atrial refractoriness: This term refers 
to the difference in atrial refractoriness between the 
right atrial and left atrial portions of the new right 
atrium. These differences were greatest in the clinical 
inducible atrial flutter group, where differences in 
right atrial and left atrial refractory periods at the same 
cycle length ranged from 32 to 37 ms (p «0.05) (Table 
V). In the other 2 groups, the only difference in right 
and left atrial refractory periods that was statistically 
significant occurred in the no atrial flutter group at a 
cycle length of 600 ms. 

Atrial refractory period reversal: The atrial re- 
fractory period normally decreases at shorter cycle 
lengths. In this study, an increase of the atrial refracto- 
ry period at shorter cycle lengths was referred to as 
atrial refractory period reversal and occurred in 52% 
of all patients with no significant differences among 
groups: 47% of patients with clinical inducible atrial 
flutter, 57% of patients with nonclinical inducible atri- 
al flutter and 44% of patients in the noninducible 
group. 

Sinus nodal function: This factor was evaluated by 
corrected sinus nodal or ectopic atrial pacemaker re- 
covery time, the ratio of sinus node or ectopic atrial 
pacemaker recovery time to sinus or ectopic atrial 
pacemaker cycle length, sinoatrial conduction time by 
Narula and Strauss methods and by electrocardio- 
graphic, ambulatory monitor and mapping data. Pa- 
tients with a corrected sinus nodal recovery time >2 
times normal or heart rates reduced enough (usually 
«30 to 40 beats/min) to require pacemaker implanta- 
tion, or both, were considered to have severe abnor- 
malities. 


<a 


——— " : zm " —û— — — — 


February 15, 1988 THE AMERICAN JOURNAL OF CARDIOLOGY Volume 61 433 


TABLE IV Functional Atrial Refractory Periods (in ms) 


RA RA RA LA LA LA 
FARP (600) FARP (500) FARP (400) FARP (600) FARP (500) FARP (400) 
Clinical AF 240 + 84 243 + 56 229 + 28 251 + 48 231 + 34 234 + 66 
Nonclinical AF 272 + 19 268 + 37 232 + 25 255 + 37 256 + 48 209 + 22 
No AF 280 + 35 267 + 26 254 + 56 264 + 38 251 + 52 225 + 35 





All values are expressed as mean + standard deviation. 


FARP = functional atrial refractory periods. Other abbreviations as in Table lll. 


The electrophysiologic parameters used to evaluate 
sinus nodal function in each group and the mean val- 
ues for each parameter are shown in Table VI. As a 
group, the patients in whom atrial flutter could not be 
induced showed values closer to normal. The most 
marked abnormalities of sinus nodal function oc- 
curred in the clinical inducible atrial flutter group, 
where 12 of the 17 patients had severe sinus nodal 
dysfunction, 8 of whom subsequently had pacemaker 
implantation. In the nonclinical inducible atrial flutter 
group, 4 of the 16 patients had severe sinus nodal dys- 
function and all 4 subsequently had pacemaker im- 
plantation. When the higher incidence of severe sinus 
nodal dysfunction in the clinical inducible atrial flut- 
ter groups was compared with that of the nonclinical 
inducible atrial flutter group, the result was a signifi- 
cant p value of <0.05 (Figure 6). 

In the group of 27 patients in whom atrial flutter 
was not induced, 6 had severe sinus nodal dysfunction, 
1 of whom subsequently had a pacemaker implanted. 
The higher incidence of severe sinus nodal dysfunc- 
tion in the clinical inducible atrial flutter group com- 
pared significantly with the group without atrial flutter 
with a p value of <0.001. 

Atrioventricular nodal and His-Purkinje func- 
tions: Both were evaluated by measurement of AH 
and HV intervals in addition to determination of the 
paced cycle length producing atrioventricular block. 
Few abnormalities were noted and there were no sig- 
nificant differences among the 3 groups. 

Ventricular electrophysiologic function: The first 
24 patients in this study had complete ventricular stim- 
ulation studies including double premature ventricu- 
lar stimulation. There were no abnormalities of ven- 
tricular refractoriness and no inducible ventricular ar- 
rhythmias in any of them. No significant differences in 
ventricular electrophysiologic function were noted 
among any of the 3 groups. 


Discussion 


Shortly after the introduction of the Mustard opera- 
tion in 1964,1 arrhythmias were reported to be a com- 
mon postoperative complication.29? The presence of 
sinus rhythm has been shown to progressively de- 
crease as the postoperative interval increases. 
The reported incidence of atrial flutter has been 5 
to 44%,°%19-13 In addition to damage to the sinus 
node,?9^ interruption of atrial conduction pathways 
has been considered as a possible etiology of some 
of the postoperative arrhythmias.!»!9 The presence 


TABLE V Abnormal Atrial Refractory Periods 


RA RA LA LA 
EARP FARP EARP FARP 
Clinical AF (96) 0 (0) 2 (11) 1(5) 1 (5) 
Nonclinical AF (96) 1 (6) 3 (19) 1 (6) 1 (6) 
No AF (96) 5 (19) 5 (19) 1 (4) 1(4) 


FARP - functional atrial refractory period. Other abbreviations as in Table 
Il. 
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FIGURE 6. Comparison of severe sinus nodal dysfunction between 
clinical and nonclinical atrial flutter groups and clinical and no atrial 
flutter groups. Left, the incidence of severe sinus nodal dysfunction 
was significantly increased in the clinical inducible atrial flutter 
(CAF) group when compared with the nonclinical inducible atrial 
flutter (NCAF) group (p <0.05). Right, similarly, the incidence of 
severe sinus nodal dysfunction was significantly increased in the 
clinical inducible atrial flutter (CAF) group when compared with the 
group without atrial flutter (NAF) (p <0.001). 


and significance of intraatrial conduction delays have 
been somewhat controversial, although several re- 
ports have indicated their existence.517.18 

Variations in operative technique and modifica- 
tions to preserve the sinus node function have not sig- 
nificantly changed the incidence of postoperative ar- 
rhythmias or of sudden death.!!141? In addition to si- 
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TABLE VI Sinus Nodal Function 
N S 
CL CRT RT/CL SACT SACT 
Clinical AF 780 + 204 2,223 + 6,939 331 + 667 229 + 167 124+ 111 
Nonclinical AF 751+ 331 819 + 1,449 203 + 101* 190 + 84 149 + 116 
No AF 683 + 157 471+ 483 162 + 34* 158 + 61 96 + 102 


————————————————————————————————SÀ 


* p = «0.05. 


All values are expressed as mean + standard deviation in milliseconds except for RT/CL which is expressed as a 


percentage. 


CL — cycle length; CRT — corrected sinus nodal or ectopic atrial pacemaker recovery time; N — Narula; RT/CL — 
ratio of sinus nodal or ectopic atrial recovery time to spontaneous cycle length; S = Strauss; SACT = sinoatrial 


conduction time. Other abbreviations as in Table III. 


nus node dysfunction, there is evidence that the 
presence of atrial flutter or dominant tachyarrhythmia 
is associated with sudden death in these patients.1320 


= In1case report, polymorphous ventricular tachycadia 


was postulated as a possible cause of sudden death.?! 

Thirty-three of 60 patients (55%) in this study had 
inducible sustained atrial flutter. If the 11 patients 
known to have had atrial flutter before the study are 
excluded, the incidence of inducible sustained atrial 
flutter in patients studied routinely is 22 of 49 (45%). 
The presence of such a high incidence of inducible 
sustained atrial flutter has not previously been report- 
ed in this group of patients. Saalouke reported atrial 
flutter in 1 of 16 patients studied? and Gillette reported 
atrial muscle reentry tachycardia in 4 of 52.17 It should 
be noted that the atrial flutter induced in the patients 
in the present study was sustained, required termina- 


. tion and was reproducibly initiated. It was the same as 


the clinical arrhythmia in patients in whom atrial flut- 
ter occurred clinically. This arrhythmia was not the 


nonsustained atrial flutter induced in normal patients 


reported by Casta.?2 

The meaning or significance of inducible sustained 
atrial flutter remains unclear. Six of 22 patients (27%) 
with inducible atrial flutter, not known to have atrial 
flutter previously, developed clinical atrial flutter. 
Three patients without inducible atrial flutter on ini- 
tial studies subsequently developed clinical atrial flut- 
ter, at which time the atrial flutter was induced at a 
second electrophysiologic study. Although inducible 
atrial flutter may predict the development of clinical 
atrial flutter in some patients, a study without induci- 
ble atrial flutter does not provide assurance that clini- 


. cal atrial flutter will not develop in the future. Pro- 
. longed follow-up will determine whether the 48% of 


patients with inducible atrial flutter who have not had 


clinical episodes will develop this arrhythmia. 


Our study clearly demonstrates abnormalities of 
atrial activation with significant intraatrial conduction 
delays between the low atrial sites in all postoperative 
patients after the Mustard repair. In addition, many of 


these patients have abnormalities of atrial refractori- 
. ness with a marked difference in atrial refractoriness 
- between adjacent areas. 


These findings suggest that the substrate for the 


| development of atrial flutter, slow conduction secon- 
_ dary to intraatrial conduction delays and abnormali- 


ties in refractoriness, is present in all of these patients. 
Patients with areas of variable refractoriness in close 
proximity become more susceptible to the develop- 
ment of atrial flutter. These factors, in addition to the 
easy inducibility and termination of these arrhythmias 
by programmed stimulation, would suggest a reentrant 
mechanism for the atrial flutter in this setting. 

It appears that a most significant factor for permit- 
ting clinical atrial flutter to develop is the presence of 
severe sinus node disease. The ectopic or escape 
rhythms that develop when the sinus node fails may 
provide the trigger of a premature stimulus to initiate 
the atrial flutter. 

Although sinus nodal dysfunction may make the 
patient more vulnerable to develop clinical atrial flut- 
ter, the most worrisome aspect of this linkage between 
sinus nodal dysfunction and atrial flutter is that atrial 
flutter, in association with sinus nodal dysfunction, 
could result in overdrive stimulation of the sinus node 
with prolonged suppression of sinus node automaticity 
once the atrial flutter terminates, resulting in asystole 
and sudden death. 

Even in the absence of sinus nodal dysfunction of a 
significant degree, atrial flutter in our patients with 
rapid AV nodal conduction resulted in 1:1 atrioven- 
tricular conduction at rates as high as 350 beats/min, a 
condition that could rapidly result in hemodynamic 
deterioration and death. 
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Physiopathology of Transient Ventricular Occlusion 
During Balloon Valvuloplasty for Pulmonic or Aortic 
Stenosis 


JOSE SUAREZ DE LEZO, MD, MANUEL PAN, MD, MIGUEL ROMERO, MD, 
MANUEL SANCHO, MD, and JOSE LUIS CARRASCO, MD, with the technical 
assistance of ANA REJANO, CARLOS MARTINEZ, and ASUMPTA COSTA 


Hemodynamic observations were made at different 
cardiac levels during transient balloon occlusion at 
the time of aortic or pulmonary valvuloplasty in 37 
patients (mean age 8 + 9 years); 22 had pulmo- 
nary stenosis and 15 had aortic stenosis (6 valvular 
and 9 discrete subvalvular types). Eighty-two tenta- 
tive dilatations were performed in patients with pul- 
monary stenosis and 61 in patients with aortic ste- 
nosis. The hemodynamics of the right and left heart 
were monitored during inflation-deflation time. From 
selected tracings mean beat-to-beat pressures 


_ curves were constructed during occlusion-recovery 
_ time. The cycle length (RR interval) did not change 


significantly during occlusion, except for patients 
with pulmonary occlusion and patent foramen ovale, 


T. development of percutaneous balloon valvulo- 


plasty for the treatment of stenotic cardiac valves has 
permitted clinical observation of the hemodynamic 
adaptations of the intact circulation to sudden and 
transient balloon occlusion, that is, total increase 
in afterload. We report our hemodynamic observa- 
tions at different cardiac levels during transient bal- 
loon occlusions at the time of aortic or pulmonary val- 
vuloplasty. 


Methods 


Under mild anesthesia we performed percutane- 
ous balloon valvuloplasty in 37 patients aged 3 months 
to 47 years (mean 8 + 9 years); 22 had pulmonary 


= stenosis and 15 had aortic stenosis (6 valvular and 9 
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where a significant increase in cycle length (p 
« 0.01) was observed during recovery time. The 
mean maximal increase in ventricular pressure 
reached 95% of basal values for the right ventricle 
and 58% for the left ventricle. The hypertension 
was retrogradely transmitted to all cardiac cham- 
bers. Angiographic observations during occlusion 
suggest that the atrioventricular valves and the fora- 
men ovale, when patent, become escape orifices 
during occlusion, for adapting and relieving intracav- 
itary pressures. The ventricle seems to adapt to 
sudden occlusion by generating hypertensive and 
hypokinetic contractions, with atrioventricular regur- 
gitation. 

(Am J Cardiol 1988;61:436-440) 


discrete subvalvular types). Mean weight was 25 + 19 
kg. All patients were premedicated with atropine (0.02 
mg/kg) at the beginning of diagnostic procedures and 
received anticoagulation with heparin (1 mg/kg) when 
initiating dilatations. In most patients (33/37) we intro- 
duced 3 catheters percutaneously through both groins 
(2 venous, 1 arterial for pulmonary stenosis and the 
opposite for aortic stenosis). This permitted accurate 
hemodynamic measurements before and after valvu- 
loplasty, as well as simultaneous right and left hemo- 
dynamics during balloon occlusion. We performed 
quantitative left ventricular angiographic analysis be- 
fore and after valvuloplasty (single plane 30? right an- 
terior oblique projection] in the systemic occlusion 
group, as well as right and left ventricular function 
studies (single plane, lateral projection) before and 
after pulmonary valvuloplasty. 

After diagnostic procedures the balloon catheter 
was positioned within the stenosis. The balloon diam- 
eter ranged from 10 to 25 mm. Selection for the size of 
the balloon were based on the angiographically mea- 
sured pulmonary or aortic anulus. This required the 
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balloon diameter to be almost identical to the aortic 
anulus'* or even slightly greater to the pulmonary 
ring,» in order to obtain good therapeutic results with- 
out anulus damage.?3?55 Then, the balloon was inflated 
3 to 5 times with diluted contrast at a pressure of 3 to 5 
atmospheres. Thus, we performed 82 tentative dilata- 
tions during pulmonary occlusion (3.7/patient) and 61 
during systemic occlusion (4/patient). The location of 
the right and left additional catheters were always pre- 
determined, in order to characterize the intracavitary 
behavior of all different compromised chambers and 
great vessels at the time of occlusion. Table I lists all 
studied situations. Pressures were obtained through 
standard fluid-filled catheters connected to Statham 
P23D transducers and recorded through a Hewlett 
Packard 4588 B system. Occlusion to flow was defined 
as the situation following technically correct tentative 
dilatations. That included a fixed inflated balloon dur- 
ing sinus rhythm, together with dramatic hemodynam- 
ic changes. Incomplete or interrupted occlusions (un- 
fixed balloon) and those with frequent premature 
beats were excluded for analysis. Mean occlusion time 
was 7 + 2 seconds for systemic occlusion, 11 + 2 for 
pulmonary occlusion with patent foramen ovale and 
10 + 2 for pulmonary occlusion with sealed foramen 
ovale. 

From all selected tracings we constructed mean 
beat-to-beat pressure curves, from the beginning of 
inflation until recovery, following deflation. Starting 
from a steady state (sinus beats immediately before 
dilatation) the succeeding beats were numbered from 
the beginning of balloon inflation to the start of defla- 
tion, and from the beginning of recovery until the first 
hemodynamic stabilization (Figures 1 through 4). Only 
sinus beats were analyzed; we did not consider isolat- 
ed premature and postextrasystolic beats, although 
their place, if present, was contabilized in the beat-to- 
beat curve. 

In 9 patients we performed angiographic studies 
during balloon occlusion (Table I). Because blood flow 
was stagnant in proximal chambers to occlusion, only 
10 to 15 cc of contrast material was needed to com- 
pletely opacify the cavity. 

The possible influence of occlusion on heart rate 
was studied by analyzing the cycle length. The mea- 
sured RR interval obtained from the electrocardio- 
gram was plotted beat to beat during occlusion recov- 
ery time. We analyzed separately the cycle length in 
systemic occlusion (n = 29), pulmonary occlusion with 
patent foramen ovale (n = 33) and pulmonary occlu- 
sion with sealed foramen ovale (n = 26). The mean 
cycle length curves were studied by the analysis of 
variance for the regression. 


Results 


No major complications occurred. Table I lists all 
studied situations. Table II summarizes global data 
together with primary therapeutic results. No signifi- 
cant changes were observed in right and left ventricu- 
lar function after valvuloplasty. 

Pulmonary occlusion: The hemodynamic behavior 
of intracavitary right ventricular and systemic pres- 
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FIGURE 1. Right ventricular (RV) and aortic (Ao) hemodynamics 
during pulmonary occlusion with sealed foramen ovale (FO). A, 
individual example. B, mean beat-to-beat systolic pressure curves. 


— 























MERMMPRUAIIAMRRARABRRTTARRTAR RITIENI INI 
inn E Tey! un a i [4 
tere HET Lc EE 
tvsnkts til he NA AMO; | ul P ; | 
VA ay al Mi NAVAN KR P 1 Wu "i MN i 
eT i 
MAMET LAIN 















i i II Tl i | | ea bod Pipe 
hU ET B BE Ht 







Lj 


PULMONARY OCCLUSION 
PATENT "FO" 








RV (ne:7) 
C MATIN] | 
E 
= fete |l] ; 
- ino t T Loe 
Dn | 
AO (m-s) 
: a 10 15 20 i a 11 : BEATE 
INFLATION DEFLATION 


FIGURE 2. Right ventricular (RV) and aortic (Ao) hemodynamics 
during pulmonary occlusion with patent foramen ovale (FO). A, 
individual example. B, mean beat-to-beat systolic pressure curves. 
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sures during occlusion-recovery time are shown in 
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Figures 1 and 2. As can be seen, sudden occlusion to 
right ventricular outflow generated an intraventricular 
hypertension, which was transmitted retrogradely by a 
subsequent increase in right atrial pressure. The in- 
crease in systolic right ventricular pressure was fast 
and progressive from beat to beat; it reached its peak 
(95% of basal values) at the fifth to sixth beat from the 
beginning of occlusion. After this, a slow beat to beat 
decrease in systolic pressure was observed, which 
continued for a few beats after deflation. On the other 
hand, the sudden pulmonary occlusion led to a de- 
crease in left filling and ejection pressure, which was 
only attenuated in the presence of a patent foramen 
ovale. Escape shunts through this orifice were con- 
firmed in our study by dye-dilution curves during oc- 
clusion in 2 patients with patent foramen ovale (inject- 
ing in superior vena cava and sampling in aorta), and 
also by angiography in 2 additional patients. 

Angiographic observations: In 2 patients (1 with 
patent and 1 with sealed foramen ovale), we per- 
formed quantitative imaging during pulmonary occlu- 
sion to obtain left ventricular angiographic analysis of 
a complete sinus beat (Figure 5). As can be observed, 
there were significant differences in filling and ejec- 
tion volume changes. 

We opacified the right ventricular cavity in 3 in- 
stances, in order to observe the contracting behavior of 
a totally occluded ventricle. In all 3 patients, qualita- 
tive and quantitative studies were performed. Qualita- 
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FIGURE 3. Left ventricular (LV), aortic (Ao) and left atrial or pulmo- 
nary wedge pressure (LA) hemodynamics during systemic occlu- 
sion. A, individual example. B, mean beat-to-beat systolic pressure 
curves. 
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tive inspections showed absence of opacification of 
the pulmonary artery, and tricuspid regurgitation. The 
sinus contraction of the occluded ventricle was poor 
and disynergic in all 3 patients compared with the 
basal angiograms (Figure 6A). 

Systemic occlusion: Occlusion to systemic flow 
produced even more dramatic hemodynamic changes 
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FIGURE 4. Mean + standard deviation cycle length (RR interval) 
during inflation-deflation period. A, systemic occlusion. B, pulmo- 
nary occlusion with patent foramen ovale (FO). C, pulmonary oc- 
clusion with sealed FO. 
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TABLE! Hemodynamic Monitoring TABLE |I Global Data 
Occlusion to Flow Pulmonary Stenosis Aortic Stenosis 
Pulmonary Patent FO SealedFO Valvular DSS 
(n = 12) (n = 10) (n = 6) (n = 9) 
Systemic Sealed FO Patent FO n_e 
Age (yrs) 3242 13+ 14 8+6 10+ 5 

Pressure monitoring Weight (kg) 14+ 10 33 + 22 24+19 33419 
Ao 49 22 33 Anulus size (mm) 1344 185 21 3^5 18 4 
LV 9 13 10 Balloon size (mm) 153 185 1942 182 
LA or PWP 21 0 4 Gradient (mm Hg) 

PA 25 0 1 Pre 91+ 40 83 + 42 66 +18 65+ 19 
RV 4 15 22 Post 37 + 23 34+ 24 20+23 16411 
RA 4 12 8 LVEF (%) 

Low flow angiography Pre 56 + 12 62 4 63 +2 6218 
LV (30? RAO) 1 1 1 Post 58 £7 63 t9 68+13 6245 
RV (lateral) 0 1 3 RVEF (%) 

RA (4-chamber) 0 0 2 Pre 57+ 13 60+ 9 — — 

Dye dilution curves 2 0 2 Post 61+ 14 621-8 — — 








Ao = aorta; FO = foramen ovale; LA = left atrium; LV = left ventricle; PA = 
pulmonary artery; PWP = pulmonary wedge pressure; RA = right atrium; RAO 
= right anterior oblique; RV = right ventricle. 


than those observed during pulmonary occlusion. Fig- 
ure 3 summarizes our hemodynamic findings. System- 
ic occlusion produced an immediate and progressive 
increase of systolic and diastolic intraventricular pres- 
sure reaching the systolic peak (58% of basal values) at 
the fifth to sixth beats from the beginning of increasing 
pressure. There was retrograde transmission to the left 
atrium and pulmonary pressure. After maximum in- 
crease in left ventricular pressure, a slow and progres- 
sive decrease in systolic pressure was seen. This pro- 
gressive decrease was not related to deflation and per- 
sisted for a few beats, even while simultaneously 
increasing aortic pressures, following deflation (Figure 


A 





l—büe—Dar án —— Ree a 0 0 
DSS = discrete subaortic stenosis; FO = foramen ovale; LVEF = left 
ventricular ejection fraction; RVEF = right ventricular ejection fraction. 


3). On the other hand, the aortic pressure dropped 
dramatically after the beginning of occlusion, losing 
pulsatility and reaching lower levels than simulta- 
neous left ventricular filling pressures (Figure 4). From 
the beginning of deflation an immediate restoration of 
pulsatility led to a rapid and progressive systemic pres- 
sure recovery. 

Angiographic observations: In 1 patient we opaci- 
fied the left ventricular cavity during aortic occlusion 
and filmed it in 30? right anterior oblique projection. 
The aorta did not opacify until deflation. Qualitative 
inspections of sinus beats showed mitral regurgitation 
(Figure 6B). The contraction of the occluded ventricle 
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FIGURE 5. Quantitative image to image left ventricular (LV) volume analysis during pulmonary occlusion. A, individual angiogram (30° right 
anterior oblique projection). In B note the significant differences in filling and ejection volume changes, between patent and sealed foramen 
ovale (FO). 
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FIGURE 6. Right (A) and left (8) ventricular angiograms during 
balloon occlusion. Note the atrioventricular regurgitation (arrow 
heads). A poor and disynergic contraction pattern was observed. 
EF = ejection fraction; RF = regurgitant fraction. 


was poor and disynergic, showing a marked decrease 
in ejection fraction (regurgitant fraction) compared 
with basal angiogram (Figure 6B). 

Cycle length: There were no significant changes in 
cycle length during pulmonary (patent foramen ovale) 
and systemic occlusion-recovery time (Figure 4A and 
B). However, pulmonary occlusion with sealed fora- 
men ovale showed a significant (p <0.01) lengthening 
of the cycle during recovery time (Figure 1 and 4C). 


Discussion 

Balloon valvuloplasty has became a therapeutic al- 
ternative for the treatment of congenital and acquired 
stenotic cardiac valves.? For technical reasons, these 


procedures require occluding right or left outflow 
tract, temporarily stopping cardiac output for the peri- 
od of inflation. Experimental studies on dogs have 
demonstrated that temporary occlusion to pulmonary 
flow could be undertaken for 2 minutes, without in- 
ducing irreversible arrhythmias.? The hemodynamics 
of temporarily occluding the left ventricular outflow 
are complex and raise many questions concerning the 
adaptation of the heart and circulation to such acute 
pressure overload.® Our study was based on simulta- 
neous right and left hemodynamic observations during 
balloon occlusion. The study of such occluded beats 
allowed us delineate the safety of these new therapeu- 
tic procedures. The study could also lead to interesting 
physiopathologic information concerning the adapta- 
tion of the intact (chronically overloaded) heart to sud- 
den and total increase in afterload. 

Transient balloon occlusions to pulmonary or sys- 
temic flow during valvuloplasties are well tolerated, 
although dramatic changes occur. The 1-sided occlud- 
ed heart can preserve a sinus rhythm. In this type of 
beat the ventricle seems to adapt by generating hyper- 
tensive, disynergic and markedly hypokinetic contrac- 
tions, with atrioventricular regurgitation. That wall 
shortening decreased seems to be in accordance with 
what has been observed, to a lesser degree, in partial 
acute increases in afterload.!° The stagnant blood was 
partially relieved through the atrioventricular valve in 
4 observed patients. Although it could be favored by 
the large and stiff balloon catheter through the tricus- 
pid valve during pulmonary occlusion, this was not the 
case for the mitral valve in systemic occlusion (Figure 
6). In the presence of a patent foramen ovale, right to 
left escape shunts through it become important deter- 
minants of left ventricular filling supply? (Figures 2 
and 5). Thus, the atrioventricular valves and the fora- 
men ovale, when patent, become escape orifices for 
adapting and relieving intracavitary hypertension. 
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Contraindications: Tenex is contraindicated in patients 
with known hypersensitivity to guanfacine hydrochloride. 
Precautions: General. Like other antihypertensive 
agents, Tenex (guanfacine hydrochloride) should be 
used with caution in patients with severe coronary 
insufficiency, recent myocardial infarction, cerebro- 
vascular disease or chronic renal or hepatic failure. 

Sedation. Tenex, like other orally active central alpha-2 
adrenergic agonists, causes sedation or drowsiness, 
especially when beginning therapy. These symptoms are 
dose-related (see Adverse Reactions). When Tenex is 
used with other centrally active depressants (such as 
phenothiazines, barbiturates, or benzodiazepines), the 
potential for additive sedative effects should be 
considered. 

Rebound. Abrupt cessation of therapy with oraily 
active central alpha-2 adrenergic agonists may be as- 
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levels) in plasma and urinary catecholamines, symp- 
toms of "nervousness and anxiety" and, less commonly, 
increases in blood pressure to levels significantly 
greater than those prior to therapy. 

Information for Patients. Patients who receive Tenex 
should be advised to exercise caution when operating 
dangerous machinery or driving motor vehicles until it is 
determined that they do not become drowsy or dizzy 
from the medication. Patients should be warned that 
their tolerance for alcohol and other CNS dapressants 
may be diminished. Patients should be advised not to 
discontinue therapy abruptly. 

Laboratory Tests. In clinical trials, no clinically relevant 
laboratory test abnormalities were identified as causally 
related to drug during short-term treatment with Tenex 
(guanfacine hydrochloride). 

Drug Interactions. No specific adverse drug inter- 
actions have been identified, but the potential for 
increased sedation when Tenex is given with other CNS- 
depressant drugs should be appreciated. 

Anticoagulants. Ten patients who were stabilized on 
oral anticoagulants were given guanfacine. 1—2 mg/day, 
for 4 weeks. No changes were observed in the degree of 
anticoagulation. 

In several well-controlled studies, guanfacine was 
administered together with diuretics with no drug inter- 
actions reported. In the long-term safety studies, Tenex 
was given concomitantly with many Crugs without evi- 
dence of any interactions. The principal drugs given 
(number of patients in parentheses) were: cardiac gly- 
cosides (115). sedatives and hypnotics (103), coronary 
vasodilators (52), oral h DAR diy (45), cough and 
cold preparations (45). NSAIDs (38), antihyper- 
lipidemics (29), antigout drugs (24). oral contraceptives 
(18), bronchodilators (13), insulin (10), and beta 
blockers (10). 

Drug/Laboratory Test Interactions. No laboratory test 
abnormalities related to the use of Tenex (guanfacine 
hydrochloride) have been identified. 

Carcinogenesis, Mutagenesis, Impairment of Fertility. 
No carcinogenic effect was observed in studies o' 

78 weeks in mice at doses more than 150 times the 
maximum recommended human dose and 102 weeks in 
rats at doses more than 100 times the maximum 
recommended human dose. In a variety of test models 
guanfacine was not mutagenic. 

No adverse effects were observed in fert lity studies in 
male and female rats. 

Pregnancy Category B. Administration of guantacine 
to rats at 70 times the maximum recommended human 
dose and rabbits at 20 times the maximum recom- 
mended human dose resulted in no evidence of 
impaired fertility or harm to the fetus. Higher doses (100 
and 200 times the maximum recommended human dose 
in rabbits and rats respectively) were associated with- 
reduced fetal survival and maternal toxicity Rat experi- 
ments have shown that guanfacine crosses the 
placenta. —— 

There are, however, no adequate and well-controlled 
studies in pregnant women. Because animal reproduc- 
tion studies are not always predictive of human 
response, this drug should be used during pregnancy 


only if clearly needed. 

Labor and Delivery. Tenex (guanfacine hydrochloride) 
is not recommended in the treatment of acute hyper- 
tension associated with toxemia of pregnancy. There is 
no information available on the effects of guanfacine on 
the course of labor and delivery. 

Nursing Mothers. It is not known whether Tenex (guan- 
facine hydrochloride) is excreted in human milk. Because 
many drugs are excreted in human milk, caution should 
be exercised when Tenex is administered to a nursing 
woman. Experiments with rats have shown that guan- 
facine is excreted in the milk. 

Pediatric Use. Safety and effectiveness in children 
under 12 years of age have not been demonstrated 
Therefore, the use of Tenex in this age group is not 
recommended. 

Adverse Reactions: Adverse reactions noted with 
Tenex (guanfacine hydrochloride) are similar to those of 
other drugs of the central a-2 adrenoreceptor agonist 
class: dry mouth, sedation (somnolence), weakness 
(asthenia), dizziness, constipation, and impotence. 
While the reactions are common, most are mild and tend 
to disappear on continued dosing. 

In a 12-week placebo-controlled, dose-response 
study the frequency of the most commonly observed 
adverse reactions showed a clear dose relationship from 
0.5 to 3 mg. as follows: 














Adverse Assigned Treatment Group 
Reaction 

Placebo 0.5 mg 1.0 mc 20mg  30mg 

n- 73 72 72 12 72 

Dry Mouth 5 (7%) 4 (596) 6 (8%) 8 (11%) X 20 (2B%) 
Somnolence 1 (196) 3 (4%) 0 (0%) 1 (1%) — 10 (14%) 
Asthenia 0 (0%) 2 (3%) 0 (0%) 2 (2%) 7 (10%) 
Dizziness 2 (2%) 1 (1%) 3 (4%) 6 (8%) 3 (4%) 
Headache 3 (4%) 4 (3%) 3 (4%) 1 11%) 2 (2%) 
Impotence 1 (1%) 1 (1%) 0 (0%) 1 (1%) 3 (4%) 
Constipation 0 (0%) 0 (0%) 0 (0%) 1 (1%) 1 (1%) 
Fatigue 3 (3%) 2 (3%) 2 (3%) 5 (4690) 3 (4%) 





There were 41 premature terminations because of 
adverse reactions in this study. The percent of patients 
who terminated and the dose at which they terminated 
were as follows: 


Dose: Placebo 0.5 mg 1mg 2mg 3mg 


Terminated: 6.996 42% 3.2% 69% 83% 








Reasons for dropouts among patients who received 
guanfacine were: somnolence, headache, weakness, 
dry mouth, dizziness, impotence, insomnia, constipa- 
tion, syncope, urinary incontinence, conjunctivitis, 
paresthesia, and dermatitis. 

In a second placebo-controlled study in wnichithe 
dose could be adjusted upward to 3 mg per day in 1-mg 
increments at 3-week intervals, i.e., a setting more 
similar to ordinary clinical use, the most commonly 
recorded reactions were: dry mouth 4796, constipation 
16%, fatigue 12%, somnolence 10%, asthenia 6%, diz- 
ziness 6%, headache 4%, and insomnia 4%. 

Reasons for dropouts among patients who received 
guanfacine were: somnolence, dry mouth, dizziness, 
impotence, constipation, confusion, depression, and 
palpitations. 

In the clonidine/guanfacine comparison described in 
Clinical Pharmacology, the most common adverse reac- 
tions noted were: 


Guanfacine (n=279) Clonidine (n— 278) 


Dry mouth 3096 3796 
Somnolence 2196 3596 
Dizziness 1196 8% 
Constipation 10% 5% 
Fatigue 9% 8% 
Headache 4% 4% 
Insomnia 496 396 





. Adverse reactions occurring in 3% or less of patients 
in the three controlled trials were: 


Cardiovascular — bradycardia, palpitations, subslernal pain 

Gastrointestinal — abdominal pain, diarrhea, dyspepsia, dysphagia, 
nausea 

CNS— amnesia, contusion, depression, insomnia, libido 
decrease 

ENT disorders— rhinitis, taste perversion, tinnitus 

Eye disorders— conjunctivitis, iritis, vision disturbance 

Musculoskeletal— leg cramps, hypokinesia 

Respiratory— dyspnea 

Dermatologic— dermatitis, pruritus, purpura, sweating 

Urogenital— testicular disorder, urinary incontinence 

Other— malaise, paresthesia, paresis 


Adverse reaction reports tend to decrease over time. 
In an open-label trial of one year's duration, 580 hyper- 
tensive subjects were given guanfacine, titrated to 
achieve goal blood pressure, alone (51%), with diuretic 
(3896), with beta blocker (396), with diuretic plus beta 
blocker (6%), or with diuretic plus vasodilator (2%). The 
mean daily dose of guanfacine reached was 4.7 mg. 


Incidence of adverse Incidence of 
Adverse Reaction reactions at any time adverse reactions 
during the study at end of one year 
n — 580 = 580 
Dry mouth 60% 15% 
Drowsiness 33% 6% 
Dizziness 15% 1% 
Constipation 14% 3% 
Weakness 5% 1% 
Headache 4% 0.2% 
Insomnia 5% 0% 





There were 52 (8.9%) dropouts due to adverse effects 
in this 1-year trial. The causes were: dry mouth (n = 20), 
weakness (n= 12), constipation (n= 7), somnolence 
(n =3), nausea (n = 3), orthostatic hypotension (n= 2), 
insomnia (n = 1), rash (n= 1), nightmares (n= 1), head- 
ache (n= 1), and depression (n= 1). 

Drug Abuse and Dependence: No reported abuse or 
dependence has been associated with the adminis- 
tration of Tenex (guanfacine hydrochloride). 

Dosage and Administration: The recommended dose 
of Tenex (guanfacine hydrochloride) is 1 mg daily given 
at bedtime to minimize somnolence. Patients should 
already be receiving a thiazide type diuretic. 

If after 3 to 4 weeks of therapy, 1 mg does not give a 
satisfactory result, doses of 2 and then subsequently 3 mg 
may be given, although most of the effect of Tenex is 
seen at 1 mg (see Clinical Pharmacology). Some 
patients may show a rise in pressure toward the end of 
the dosing interval; in this event a divided dose may be 
utilized. 

Higher daily doses (rarely up to 40 mg/day, in divided 
doses) have been used, but adverse reactions increase 
significantly with doses above 3 mg/day and there is no 
evidence of increased efficacy. No studies have estab- 
lished an appropriate dose or dosing interval when 
Tenex (guanfacine hydrochloride) is given as the sole 
antihypertensive agent. 

The frequency of rebound hypertension is low, but 
rebound can occur. When rebound occurs, it does so after 
2-4 days, which is delayed compared with clonidine 
Ene dono. This is consistent with the longer half-life 
of guanfacine. In most cases, after abrupt withdrawal of 
guanfacine, blood pressure returns to pretreatment 
levels slowly (within 2—4 days) without ill effects. — 


/-H-[20 BINS 
Pharmaceutical Division 
Richmond, Virginia 23261-6609 
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Correlation of Left Ventricular Angiographic Casts 
and Biplane Left Ventricular Volumetry 
in Infants and Children 


TOSHIHIRO INO, MD, LEE N. BENSON, MD, HAVERJ MIKAILIAN, RRT, 
ROBERT M. FREEDOM, MD, and RICHARD D. ROWE, MD 


To calculate left ventricular (LV) volumes from bi- 
plane cineangiography obtained in nonstandard — 
views, regression equations were developed from 
LV casts of known volume. Volumes were calculat- 
ed by the area-length method from casts ranging 
from 1.4 to 48.9 ml obtained from 30 postmortem 
cases with heart disease. The casts were divided 
into 2 groups: group I (n = 17) with abnormal and 
group Il (n = 13) with normal right ventricular he- 
modynamics. Biplane cinegrams were taken in the 
anterolateral, anterior and long axial oblique, 
hepatoclavicular and sitting-up projections. The true 
volume of each cast was determined from its 
weight and specific gravity. In both groups, excel- 


ee measurement of left ventricular 
(LV) volume is an important tool in assessing function 
in patients with heart disease.!-1? Commonly used ap- 
proaches of volume determination are either the area- 
length method (anteroposterior and lateral projection) 
described by Dodge et al‘? or the single-plane modi- 
fication (oblique projections) introduced by Kennedy 
et al.134 The area-length method assumes the LV cavi- 
ty is represented by a 3-dimensional ellipsoid. In using 
casts of known volumes, other investigators!® have 
found that the measured volume by the area-length 
method was affected by the shape of the cast, cardiac 
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lent correlations were obtained between measured 
and true volumes (r — 0.92 to 0.99) in all projec- 
tions, although each projection overestimated the 
true volume (slope value <1). The regression equa- 
tions obtained from group I were significantly differ- 
ent from those in group Il in all views (p «0.025 to 
0.05), with smaller mean differences and standard 
errors of the estimate. These data support the con- 
cept that right ventricular hemodynamics influence 
ventricular septal position and, therefore, LV geom- 
etry and measured volumes. Appropriate regression 
equations are required to allow volume calculation 
from multiple projections. | 
(Am J Cardiol 1988;61:441—445) 


phase or spatial orientation and resulted in an overes- 
timation of the true volume. Consequently, regression 
equations were required to adjust for these variables 
to bring the measured volume within the true vol- 
ume range. In addition, the majority of previous in- 
vestigations of volume determination were obtained 
using casts made from hearts without heart dis- 
ease,?-125-15 which may also influence the regression 
analysis. 

Because of the complex nature of congenital heart 
disease, current diagnostic angiographic imaging re- 
lies less on traditional positioning (anterolateral, right 
and left anterior obliques) and more on various axial 
oblique positions as described by Bargeron and El- 
liot.22° Therefore, appropriate regression formulae 
are also required to correct measured volume using 
these varied projections. We assessed the accuracy of 
LV volume determinations using casts obtained from 
postmortem specimens of patients with congenital 
heart disease and evaluated the results of LV volume 
measurement performed in 5 biplane projections. 

Left ventricular casts: Thirty LV casts were ob- 
tained from postmortem hearts of patients with con- 
genital heart disease. After removal of blood clots from 
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FIGURE 1. Distribution of true volume of the original human left and 
right casts. Group | = casts with abnormal right ventricular (RV) 
hemodynamics; group Il = casts with normal right ventricular he- 
modynamics. LV = left ventricular. 


both ventricles, the mitral and tricuspid valves were 
sewn closed and the walls glued together with a cyano- 
acrylate compound (910 Adhesive, Permabond Inter- 
national Division). A silicon rubber material (3110 
RTV, Dow Corning Corp.) mixed with barium sulfate 
powder (E-Z-EM Co.) was injected simultaneously 
into both ventricles through the aortic and pulmonary 
valves. After the casts had hardened, the left and right 
ventricular free walls were incised and both casts 
carefully removed. 

Right ventricular hemodynamics: The clinical and 
hemodynamic data were reviewed if available. The 
hearts studied consisted of 5 with tetralogy of Fallot, 5 
with secundum atrial septal defect, 3 with complete 
transposition of great arteries with intact ventricular 
septum, 4 with myocarditis, 4 with endocardial fibro- 
elastosis, 2 with total anomalous pulmonary venous 
return, 3 with ventricular septal defect, 2 with coarcta- 
tion of aorta, 1 with congenital mitral stenosis with 
severe pulmonary hypertension and 1 with chronic cor 
pulmonale. Mean age at autopsy was 3 + 5.4 years 


(range 1 day to 23 years), 7 had undergone cardiac: 


surgical procedures (3 open and 4 closed). Preliminary 
data analysis (Figure 1) suggested that 2 groups could 
be identified according to right ventricular hemody- 
namics. For analysis, therefore, the casts so obtained 
were divided into 2 groups. In group I (n = 17), the 
shape of the left ventricle was not elliptical but prolate 
due to abnormal right ventricular hemodynamics (Fig- 
ure 2). These casts included those with atrial septal 
defect, tetralogy of Fallot, transposition of great arte- 
ries with intact ventricular septum, total anomalous 
pulmonary venous return, congenital mitral stenosis 
with severe pulmonary hypertension and cor pulmo- 
nale. In group II (n = 13), the shape of the left ventricle 
was relatively elliptical, associated with normal right 
ventricular hemodynamics (Figure 2). These casts in- 
cluded those with endocardial fibroelastosis, myocar- 
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ditis, ventricular septal defect and coarctation of aorta. 
The true volume of each cast was obtained by weight 
in grams divided by the specific gravity of silicon rub- 
ber (1.17 g/cm’). 

Volume calculations: Casts were placed on a goni- 
ometer designed in our laboratory and positioned on 
the catheterization table for a biplane cinegram. The 
vertical and horizontal image intensifiers were fixed 
in the anteroposterior and lateral positions, respective- 
ly. The reference position for the cast was formed by a 
line connecting the apex with the most distal part of 
mitral valve forming a 35° angle with vertical and 35° 
angle with lateral planes (Figure 3). The casts were 
filmed in anteroposterior and lateral, right and left 
anterior oblique, long axial oblique, hepatoclavicular 
and sitting-up positions. In the long axial oblique pro- 
jection, the casts were slanted 30° right anterior 
oblique relative to the vertical image intensifier and 
rotated approximately 15 to 20° with the apex to the 
right side of the table. In the hepatoclavicular projec- 





FIGURE 2. Left ventricular (LV) casts obtained from specimens with 
congenital heart disease. The shape of the LV casts observed from 
anteroposterior (right) and lateral (left) views were prolate in group 
| (top) and elliptical in group Il (bottom). 
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FIGURE 3. The starting position of the cast in anteroposterior and 
lateral view. The left ventricular reference axis connects the apex 
with most distal part of the mitral valve, and forms a 35° angle with 
the frontal and lateral plane. 
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TABLE! Regression Equations and Associated Statistics for Left Ventricular Volumetry 





Group | 


Projection y =a+t bx 


es 


Anteroposterior y= 0.3 + 0.63x* 2.1 
and lateral 
Right and left y = —0.9 + 0.69x* 2.6 


anterior oblique 
Long axial oblique y = —0.3 + 0.69x! 2.1 
Hepatoclavicular y = —0.9 + 0.61x' 2.1 
Sitting up y= 0.7 + 0.64x* 1.3 


Group Il 
R y =a+tbx SEE R 
0.98 y = —0.3 + 0.84x* 3.9 0.96 
0.96 y = —0.3 + 0.77x* 3.5 0.97 
0.96 y = —1.0 + 84x! 2.8 0.98 
0.98 y = —0.8 + 0.85x! 4.0 0.95 
0.99 y = —1.1 + 0.88x' 5.2 0.92 


epu um oo ol AN ET RE LS RUND o RARE QUIS, B ees ona US re Cum edel RETI etos 
A = intercept; b = slope; R = correlation coefficient; SEE = standard error of estimate; x = calculated volume; y= 


corrected volume. 
* p <0.05, ! p <0.025 (group | vs group II). 


tion, the casts were slanted 20? left anterior oblique 
relative to the vertical image intensifier, rotated 15 to 
20? with the apex to the right of the table and the 
goniometer tilted forward 45? (caudal cranial angula- 
tion). After each cinefilm a grid of 1-cm squares was 
filmed at the cast center, parallel to each image inten- 
sifier. The cast outlines were projected and traced by 
hand to the outer margins of each silhouette. 

The cast volumes were calculated using the area- 
length method of Dodge et al,!!:? in which the LV 
cavity is represented as ellipsoid of revolution: 


V = (42/3)(Dvertical/2)(Dhorizontal/ 2)(Lmax/ 2), 


where Dvertical = minor axis in the anteroposterior 
view (cm), Dhorizontal = minor axis in the lateral view 
(cm), Lmax = major axis (cm) and V = volume (ml), and 
each is corrected for magnification distortion. 

The major axis is the longest measured length 
whether it was in the anteroposterior or lateral projec- 
tion. The 2 minor axes, Dvertical and Dhorizontal, 
were calculated as: 


Dvertical = 4 Avertical/z Lvertical, and 
Dhorizontal = 4 Ahorizontal/z Lhorizontal, 


where A (vertical, horizontal) = the projected areas 
(cm?) obtained by planimeter, using an IBM PC com- 
puter with dedicated software supporting a graphics 
tablet (Trinity Computing Systems). L(vertical or hori- 
zontal) was the longest length in either view. With 
appropriate substitution: 


V = (8/3x)(Avertical)(Ahorizontal)/Lmin, 


where Lmin = shorter of the 2 long axes. 

Statistical methods: Calculated volumes for groupI 
and II were compared to true volume for each group 
by standard linear regression analysis. To examine the 
degree of overestimation for each group, the ratios of 
LVtrue and calculated volume (LVtrue/calc] were 
measured and compared amongst casts, and a Stu- 
dent's t test was done for comparisons between groups. 
A p «0.05 was considered significant. Data of regres- 
sion analysis obtained from all 5 projections were 
compared between group I and II by analysis of covar- 
iants. 


Results 


The true volumes of LV and right ventricular casts 
ranged from 1.4 to 48.9 ml and 2.0 to 144 ml, respective- 
ly (Figure 1). In group I, mean values of the true vol- 
ume of the LV and right ventricular were 10.7 + 9.1 
and 24.8 + 32.9 ml; in group II, they were 21.3 + 12.8 
and 16.8 + 10.7 ml, respectively. LV true volumes were 
significantly smaller in group I than group II (p <0.05), 
and the right ventricular true volumes significantly 
larger in group I than group II (p <0.05). 

Table I shows the results of LV cast volumes calcu- 
lated in all 5 projections for the 2 groups. Regression 
analysis comparing true and calculated volumes yield- 
ed high correlation coefficients (r = 0.92 to 0.99). Stan- 
dard errors were small in all projections (1.3 to 5.2). 
The regression slopes were not statistically different 
between projections in either group; however, the 
slopes between groups were significantly larger in 
group II than group I (p <0.025 to 0.05). Accounting for 
the effect on LV geometry by the right ventricle, the 
correlation between the LV true and calculated vol- 
umes improved in all projections. This effect was also 
seen when the ratios of true and measured volumes 
were analyzed (Table II). 


Discussion 


Baan et al”! have recently developed an on-line 
conductance catheter method to estimate cardiac 
chamber volumes in vivo; however, this technology 
has not received sufficient clinical validation. Other 


TABLE II Mean Values and Statistical Analysis of Ratios of True 
and Calculated Left Ventricular (LV) Volume in Two Groups 





Mean Values of LV 
True/Calculated Ratio 


Projection Group | Group II p Value 
AEE ES ee Le UR RN ed Bae ed AK A AR EE MEC SS conu 


Anteroposterior and lateral 0.622 0.842 <0.005 
Right and left anterior oblique 0.636 0.785 <0.01 
Long axial oblique 0.669 0.820 <0.005 
Hepatoclavicular 0.698 0.820 <0.01 
Sitting up 0.677 0.812 <0.01 
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FIGURE 4. Transverse ventricular images obtained from biplane 
cineangiography using perpendicular image intensifier shows the 
identical sized silhouette in both groups. The use of an ellipsoid 
model becomes inaccurate in hearts with abnormal right ventricular 
(RV) hemodynamics. 


methodologies, such as echocardiographic”’ or radio- 
nuclide angiocardiography,?? have had useful clinical 
application but are frequently obtained without simul- 
taneous hemodynamic data; in addition, they are tech- 
nically cumbersome and have large standard er- 
rors22-24 in the volume estimate. Angiographic volume 
estimation therefore remains an important clinical 
methodology for assessment of ventricular perfor- 
mance. In this regard, postmortem casts of heart cham- 
bers have been frequently used to determine true car- 
diac volumes and provide correlations to angiographic 
estimations.?-1215-17 For LV volume determination the 
area-length method for biplane cineangiography de- 
scribed by Dodge et al!!! assumed the LV cavity to be 
an ellipsoid of revolution and has been widely accept- 
ed and applied. Previous investigations have demon- 
strated excellent correlations (r >0.90) between the 
volumes of ventricular casts and those calculated from 
biplane cinegrams using this approach.*-192»?6 How- 
ever, calculated volumes usually overestimate the true 
volume, especially in small nonelliptic hearts.31516 
This reflects inability to estimate the volume occupied 
by the paillary muscles and trabeculae carnae within 
the cavity, which is an applicable error especially at 
end-systole.1*.16 

Effect of right ventricular hemodynamics: In our 
study using casts derived from patients with congenital 
heart disease, regression slopes in each projection 
were lower in group I compared with previously re- 
ported data.?!9? In our group II, the cross-sectional 
shape of the LV cast was less elliptical and more pro- 
late and the regression slopes were also lower. In ex- 
perimental studies, ventricular size and shape were 
shown to be dependent on the state of opposite ventri- 
cle." In tetralogy of Fallot, transposition of great arte- 
ries with intact ventricular septum, chronic pulmonary 
hypertension, atrial septal defect or total anomalous 
pulmonary venous return, a shift of ventricular septum 
due to pressure or volume overload of the right ventri- 
cle may compress the LV cavity.!729-9? In a comparison 


of biplane and single plane volumetry,?? it has been. 
demonstrated that compression of LV in patients with 
an atrial septal defect foreshortened the lateral axis 
resulting in a significantly greater single-plane overes- 
timation of the LV volume compared with biplane esti- 
mation. Therefore, the use of an ellipsoid model be- 
comes inaccurate in cases with abnormal right ventric- 
ular hemodynamics when the short minor axis is 
compressed by ventricular septum (Figure 4). 

Lange et al!" attributed the differences in regres- 
sion slopes to differences in manufacture of the casts 
and to cardiac phase. In our study, the casts were pro- 
duced by simultaneously filling silicon rubber into 
both chambers to avoid shifting the ventricular septum 
during preparation. In their additional investigation, 
Lange et al!6 found that systolic cross sections were not 
as elliptical as in diastole, and prominent papillary 
muscle volumes were included within the systolic con- 
tours. Consequently, the volumes calculated in systole 
were larger than the true volumes, further accounting 
for the reduced regression slopes. On the other hand, 
in patients with right ventricular enlargement the dis- 
parity in LV morphology is evident at end-diastole, but 
not so at end-systole after ejection of a large right ven- 
tricular stroke volume. Small changes in LV shape 
during the cardiac cycle in this setting, especially in 
the lateral minor axis, may be caused by paradoxical 
or flat motion of ventricular septum compared with 
normal hearts. Our data indicate, therefore, that dif- 
ferences between the 2 groups could be attributed 
mainly to the effect of abnormal right ventricular ge- 
ometry. The effect of right ventricular geometry must 
therefore be taken into account when calculatiag LV 
volume. 

Effect of projections: Recently, Bargeon,!? Elliott? 
and their co-workers described the clinical impor- 
tance of axial cineangiography in outlining the ana- 
tomic detail in congenital heart disease. The long axial 
oblique profiles the anterior ventricular septum, LV 
outflow tract and aortic valve-anterior mitral valve 
leaflet?! The hepatoclavicular profiles the posterior 
ventricular septum, atrial septum and separates atrio- 
ventricular valves. The sitting-up position visualizes 
the bifurcation of pulmonary trunk. We could find few 
reports of LV volume determination in the long axial 
oblique and hepatoclavicular positions.!57?»26 More- 
over, LV volume in the sitting-up position has not been 
evaluated. The regression equations obtained from 
our cast series are useful, allowing these improved 
anatomic views to be used in performing quantitative 
ventriculography. Of interest is the finding that the 
regression slope, correlation coefficient and standard 
error of estimate obtained from long axial oblique pro- 
jection were the best of any projection in either group. 
This may be so, as the major axis in long axial oblique 
projection reflects a more accurate long axis of the left 
ventricle because the outflow is not foreshortened as 
in other views. 

Acknowledgment: We thank Cameron Finlay for 
his assistance in figure production and data analysis, 
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uscript. 


. P 4 bi 
BE o EA A6 a 
ge e V NU TE 


PTR J 





a I OT PUn] nen; 


References 


1. Fisher EA, Eckner FAO, Dubrow IW, Hastreiter AR. Correction of angio- 
graphic and autopsy left ventricular dimensions in children. Circulation 
1978;58:739-746. 

2. Graham TP, Lewis BW, Jarmakani MM, Canent RV, Capp MP. Left heart 
volume and mass quantification in children with left ventricular pressure 
overload. Circulation 1970;41:203-212. 

3. Graham TP, Jarmakani MM, Canent RV, Morrow MN. Left heart volume 
estimation in infancy and childhood. Circulation 1971;43:895-904. 

4. Arcilla RA, Tsai P, Thilenius OG, Ranninger K. Angiographic method for 
volume estimation of right and left ventricles. Chest 1971;60:446-454. 

9. Sandler H, Alderman E. Determination of left ventricular size and shape. 
Circ Res 1974;34:1-8. 

6. Thilenius OG, Arcilla RA. Angiographic right and left ventricular volume 
determination in normal infants and children. Pediatr Res 1974;8:67-74. 

7. Wynne J, Green LH, Mann T, Levin D, Grossman W. Estimation of left 
ventricular volumes in man from biplane cineangiograms filmed in oblique 
projections. Am J] Cardiol 1978;41:726-732. 

8. Cohn PF, Gorlin R, Adams DF, Cha hine RA, Vokonas PS, Herman MV. 
Comparison of biplane and single plane left ventriculograms in patients with 
coronary artery disease. Am J Cardiol 1974;33:1-6. 

9. Rogers WJ, Smith LR, Hood WP, Mantle JA, Rackley CE, Russell RO. Effect 
of filming projection and interobserver variability on angiographic biplane 
left ventricular volume determination. Circulation 1979;59:96-104. 

10. Froelicher V. Angiographic assessment of left ventricular volume, mass 
and wall motion. Eur Heart | 1985;6(suppl C):29-31. 

11. Dodge HT, Sandler H, Ballew DW, Lord JD. The use of biplane angiocar- 
diography for the measurement of left ventricular volume in man. Am Heart ] 
1960;60:762-776. 

12. Dodge HT, Sandler H, Baxley WA, Hawley RR. Usefulness and limitations 
of radiographic method for determining left ventricular volume. Am | Car- 
diol 1966;18:10-24. 

13. Kennedy JW, Trenholme SE, Kasser IS. Left ventricular volume and mass 
from single plane cineangiogram. A comparison of anteroposterior and right 
anterior oblique methods. Am Heart J] 1970;80:343-352. 

14. Hillis LD, Winniford MD, Dehmer GJ, Firth BG. Left ventricular volumes 
by single-plane cineangiography. In vivo validation of Kennedy regression 
equation. Am ] Cardiol 1984;54:1159-1163. 

15. Lange PE, Onnasch D, Farr FL, Malerczyk V, Heintzen PH. Analysis of 
left and right ventricular size and shape, as determined from human casts. 
Description of method and its validation. Eur | Cardiol 1978;431-448. 

16. Lange PE, Onnasch D, Farr FL, Heintzen PH. Angiocardiographic left 
ventricular volume determination. Accuracy, as determined from human 
casts, and clinical application. Eur ] Cardiol 1978;449-476. 


February 15, 1988 THE AMERICAN JOURNAL OF CARDIOLOGY Volume61 445 


17. Gault JH. Angiographic estimation of left ventricular volume. Cathet 
Cardiovasc Diagn 1975;1:7-16. 

18. Formanek A, Schey HM, Ekstrand KE, Velasques G, D'Souza V], Glass 
TA. Single versus biplane right and left ventricular volumetry: a cast and 
clinical study. Cathet Cardiovasc Diagn 1984;10:137-156. 

19. Bargeron LM, Elliott LP, Soto B, Bream PR, Curry GC. Axial cineangiogra- 
phy in congenital heart disease. Section 1. Concept, technical and anatomic 
considerations. Circulation 1977;56:1075-1083. 

20. Elliott LP, Bargeron LM, Bream PR, Soto B, Curry GC. Axial cineangiogra- 
phy in congenital heart disease. Section 2. Specific lesions. Circulation 
1977;56:1084-1093. 

21. Baan J, Van der Velde ET, De Bruin HG, Smeenk GJ, Koops J, Van Dijk 
AD, Temmerman D, Senden J, Buis B. Continuous measurement of left ven- 
tricular volume in animals and humans by conductance catheter. Circulation 
1984; 70:812-823. 

22. Silverman NH, Hudson S. Evaluation of right ventricular volume and 
ejection fraction in children by two-dimensional echocardiography. Pediatr 
Cardiol 1983;4:197-204. 

23. Hoilund-Carlsen PF, Marving J, Rasmussen S, Haunso S, Pedersen JF. 
Accuracy of absolute left ventricular volumes and cardiac output determined 
by radionuclide cardiography. Int | Cardiol 1984;6:505-521. 

24. Levine RA, Gibson TC, Aretz T, Gillam LD, Guyer DE, King ME, Weyman 
AE. Echocardiographic measurement of right ventricular volume. Circula- 
tion 1984;69:497-504. 

25. Als AV, Paulin S, Aroesty JM. Biplane angiographic volumetry using the 
right anterior oblique and half-axial left anterior oblique technique. Radiolo- 
gy 1978;126:551-514. 

26. Roger WJ, Smith LR, Beam PR, Elliott LP, Rackey C, Russell RO. Quantita- 
tive axial oblique contrast left ventriculography: validation of the method by 
demonstrating improved visualization of regional wall motion and mitral 
valve function with accurate volume determinations. Am Heart ] 1982; 
103:185-194. 

27. Urschel CW, Bemis CE, Borkenhagen JSD, Sonnenblick EH. The influ- 
ence of right ventricular filling pressure on left ventricular pressure and 
dimension. Circulation 1971;43/44(suppl]:125-145. 

28. Levenson LW, Liedtke AJ, Hunter AS, Gentzer RD, Gault JH. Left ventric- 
ular chamber distortion in mitral stenosis (abstr). Circulation 1973;48:117. 
29. Hunter HS, Gentzler RD, Gault JH, Vincent WR. Distortion of left ventric- 
ular chamber anatomy by right ventricular volume overload (abstr). Am J 
Cardiol 1974;33:145. 

30. Fraker TD, Wise NK, Harrel FE, Behar VS. Comparison of biplane and 
single plane left ventricular volumes in atrial septal defect. Cathet Cardiovasc 
Diagn 1980;6:39-48. 

31. Kelley MJ, Higgins CB, Kirkpatrick SE. Axial left ventriculography in 
discrete subaortic stenosis. Radiology 1980;135:77-80. 





Comparison of Pulsed Doppler Echocardiography and 
Radionuclide Angiography in the Assessment of Left 
Ventricular Filling 


ANTHONY C. PEARSON, MD, HENRY GOODGOLD, MD, and 
ARTHUR J. LABOVITZ, MD, with the technical assistance of JOHN RATCLIFF 


To determine the relation between Doppler echocar- 
diographic and radionuclide angiographic indexes of 
left ventricular (LV) filling, 42 patients were studied 
using both techniques. From Doppler mitral flow ve- 
locity profiles, the percent of LV filling due to atrial 
systole (percent atrial contribution) and at one-third 
of diastole (one-third filling fraction), the peak filling 
rate and the peak filling rate normalized for LV end- 
diastolic volume and the time from mitral valve 
opening to peak early velocity and from aortic valve 
closure to peak early velocity were determined. 
Good correlations were found between percent atri- 
al contribution (r — 0.83) and one-third filling frac- 
tion (r — 0.67) using the 2 techniques. However, 
Doppler normalized peak filling rate correlated only 


weakly with radionuclide peak filling rate (r — 0.33, 
p <0.05). There was no significant correlation be- 
tween Doppler peak filling rate and radionuclide 
peak filling rate. Neither Doppler time from mitral 
valve opening to peak early velocity nor Doppler 
time from aortic closure to peak early velocity cor- 
related with radionuclide time to peak filling rate. 

Thus, Doppler echocardiography and radionuclide 
angiography agree on relative diastolic filling index- 
es but not on peak filling rates or useful diastolic 
time intervals. Relative filling indexes, such as per- 
cent atrial contribution and one-third filling fractions, 
therefore, may be the most reliable noninvasive in- 
dicators of diastolic function. 

(Am J Cardiol 1988;61:446-454) 





TL. analysis of left ventricular (LV) filling dynamics 
has become increasingly important as a means of as- 
sessing LV diastolic function. Although initially such 
analyses were performed using contrast angiogra- 
phy, noninvasive techniques have assumed a larger 
role. Radionuclide ventriculography, in particular, has 
been used extensively in the last 5 yearsto evaluate LV 
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filing and has identified abnormalities associated 
with systemic hypertension,'? coronary artery dis- 
easet” and hypertrophic cardiomyopathy.9? Recently, 
Rokey at al! demonstrated that pulsed Doppler re- 
cordings of transmitral flow can be used to measure 
LV diastolic filling rates and that these measurements 
correlate well with contrast angiography. In addition, 
abnormalities of transmitral flow have been demon- 
strated using Doppler in patients with systemic hyper- 
tension,!!-?? coronary artery disease!^!6 and LV hy- 
pertrophy.'”-!9 The present study compares measures 
of LV filling obtained by Doppler with those obtained 
by the more established and widely used technique of 
radionuclide angiography to provide further verifica- 
tion of the Doppler technique and to gain insight into 
the strengths and limitations of each technique. 


Methods 


Study group: Between January 1986 and January 
1987, 45 patients underwent radionuclide angiography 
and agreed to undergo Doppler echocardiography as 
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part of this study. In 1 subject, inadequate labeling of 
red blood cells precluded satisfactory examination 
and in another, the Doppler recordings were inade- 
quate for analysis. One subject was excluded due to a 
marked difference (>40 beats/min) in heart rate be- 
tween Doppler and radionuclide examinations. The 
remaining 42 patients consisted of 18 women and 24 
men aged 20 to 76 years (mean 57). Twenty patients 
had coronary artery disease with wall motion abnor- 
malities. Eight patients were undergoing evaluation of 
cardiac function during chemotherapy for malignan- 
cy. The remaining patients had a variety of diagnoses 
including: stroke (1 patient), renal failure (2), hyperten- 
sion (3), dilated cardiomyopathy (4), chronic obstruc- 
tive pulmonary disease (2), aortic stenosis (1) and ab- 
dominal aortic aneurysm (1). Two patients were in 
atrial fibrillation. No patients had significant aortic 
regurgitation (defined as extending >1 cm beyond the 
valve plane) or mitral stenosis (mitral orifice «2.0 cm?) 
as measured by Doppler echocardiography. Signifi- 
cant mitral regurgitation (defined as extending >1 cm 
beyond the mitral valve plane) determined by pulsed 
Doppler mapping?? was present in 6 patients. 
Doppler echocardiography: Doppler echocardio- 
graphic examinations were performed within 2 hours 
of radionuclide angiography using commercially 
available ultrasound systems with 2.0- to 3.5-MHz 
transducers. All Doppler signals along with lead II 
electrocardiograms were recorded using minimal wall 
filter settings on a strip chart recorder at a paper speed 
of 75 to 100 mm/s. Using the apical 4-chamber view in 
the pulsed mode, the Doppler beam was aligned paral- 
lel to presumed mitral inflow and the sample volume 
placed at the level of the mitral anulus (Figure 1). The 
signal was optimized by audio and visual feedback in 
order to obtain the recording with the highest velocity, 
least spectral dispersion and greatest signal-to-noise 
ratio. LV outflow tract velocities were recorded in a 
similar fashion using an apical window with the sam- 
ple volume just at or below the aortic leaflets. 
Doppler echocardiographic analysis: From the mi- 
tral flow velocity recordings 3 to 5 consecutive beats 
were chosen for analysis and their results averaged. 
Measurements were made from hard-copy recordings 
of mitral flow using a Houston Instruments digitizing 
pad interfaced to an Apple IIe personal computer 
using custom-made software. Doppler curves were 
traced along the darkest portion of the gray scale and 
the peak early and peak atrial velocities were mea- 
sured. In addition, the one-third filling fraction was 
calculated by determining the area under the curve at 
one-third of diastole and dividing it by the total area 
under the curve. The area under the portion of the 
mitral flow tracing occurring during atrial systole was 
determined and divided by the total area under the 
curve to derive the percent atrial contribution to LV 
filling (Figure 2). The peak filling rate was determined 
as the product of the peak early velocity and the cross- 
sectional area of the mitral anulus.!? The mitral anulus 
diameter (D) was measured from both apical 4-cham- 
ber and parasternal long axis views as previously de- 
scribed!’ and the mitral anulus area was calculated as 





3.14 X (D/2)". The normalized peak filling rate was 
derived by dividing the peak filling rate by the LV 
end-diastolic volume. LV end-diastolic volume was 
calculated as the cube of the LV end-diastolic diame- 
ter.2! The times of aortic valve closure and mitral valve 
opening were identified from the appropriate Doppler 
tracings as well as the time of peak early velocity. From 
these measurements the time from aortic valve closure 





FIGURE 1. Apical 4-chamber echocardiographic view of the heart. 
The Doppler beam is depicted by the solid black line and is perpen- 
dicular to the plane of the mitral anulus. The sample volume (open 
square) is at the level of the mitral anulus. 
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FIGURE 2. Typical Doppler mitral velocity recordings demonstrating 
the manner in which the peak early (E) and peak atrial (A) veloci- 
ties were measured. Also shown is the method of determining the 
area under the early (E;) and atrial (A,) filling portions of diastole 
and at one-third of diastole (1/3 FF). DFT = diastolic filling time. 
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to peak early velocity and the time from mitral valve 
opening to peak early velocity were determined. 
Radionuclide angiography: Each patient's red 
blood cells were labeled in vivo using 20 mCi of Tc- 
99m pertechnetate. Gated equilibrium studies were 
performed using a small field of view scintillation 
camera and digital processor (Elscint APEX) using the 
left anterior oblique view to best isolate the left ventri- 
cle. For the first 12 studies the cardiac cycle was divid- 
ed into 24 frames and in subsequent studies 32 frames, 
yielding an average time per frame of 20 to 30 ms.?? 
Heart cycles not within the range of the average RR 
interval + 15% were identified and the following beat 
was rejected from analysis. Temporal and spatial 
smoothing of the data along with background subtrac- 
tion was then performed followed by time activity 
curve generation using a commercially available soft- 
ware program that uses a semiautomatic, second-de- 
rivative-based edge detection algorithm, with edge 
tracking of each frame of the cardiac cycle. Each edge 
. is subject to operator modification before final time 
activity curve generation. The peak filling rate was 
. calculated by the computer as the maximal slope of the 
time activity curve in the early filling phase using a 5- 
. point derivative algorithm after 3-point smoothing to 
. reduce statistical noise. The peak filling rate was com- 
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. FIGURE 3. Representation of radionuclide time activity curve (top) 
. and its first derivative curve (bottom). The method of measuring 
. peak filling rate, time to peak filling rate (TPFR) and percent atrial 
contribution are depicted. One-third filling fraction was measured 
by determining the change in counts at one-third of diastole (1/3 
. DFT) and dividing by the total change in counts. 





puted as LV counts per second, normalized for the 
number of counts at end-diastole and expressed as 
end-diastolic volume per second. Minimum counts 
were determined as LV counts from the frame during 
the averaged cardiac cycle with the least LV back- 
ground subtracted counts. The time to peak filling rate 
was calculated as the time from minimum counts on 
the time activity curve to the time of the peak filling 
rate. The increase in counts occurring during the first 
third of diastole divided by the total change in number 
of counts during diastole was determined as the one- 
third filling fraction.» Ventricular diastasis was identi- 
fied on the time activity curve as a plateau in the curve 
between the rapid early and late atrial filling phases of 
diastole. The amount of count change occurring after 
this point was divided by the total change in counts to 
determine the percent atrial contribution (Figure 3]. 
Ejection fraction was calculated from the time activity 
curve in the standard manner.” Plots representing the 
first derivative of previously generated time activity 
curves were generated for comparison with Doppler 
flow profiles in illustrative cases. 

Statistical analysis: Results are expressed as mean 
+ standard deviation. The relation between Doppler 
and radionuclide parameters was determined by lin- 
ear regression analysis and by paired t test. 


Results 


Relative filling: Table I lists the radionuclide angio- 
graphic and Doppler values obtained for the individu- 
al patients. Heart rate during Doppler examination 
was 78 + 17 beats/min (range 48 to 115), which was not 
significantly different from that during radionuclide 
ventriculography (80 + 16 beats/min, range 47 to 125). 
In the 1 patient whose heart rate was >110 beats/min 
and in the 2 patients with atrial fibrillation, percent 
atrial contribution could not be measured by either 
technique. In 11 patients (9 with heart rate >90 beats/ 
min) a clear separation of early and atrial filling 
phases could not be made by radionuclide angiogra- 
phy. In 9 of these 11 patients the separation of peak 
early and atrial velocities could be discerned on Dopp- 
ler recordings at equivalent rates (Figure 4A). In 1 pa- 
tient with a heart rate of 60 beats/min during radionu- 
clide angiography, no clear separation of the atrial 
filling phase could be made. The values for percent 
atrial contribution by both techniques in the remaining 
27 patients are listed in Table I. Figure 4B and C shows 
individual patients in whom Doppler and radionu- 
clide techniques agreed very closely on the percent 
atrial contribution to LV filling. The mean value was 
28 + 9% (range 12 to 44) by radionuclide angiography 
and 35 + 11% (range 14 to 58) by Doppler. The correla- 
tion between the 2 techniques was good (r = 0.83, 
standard error of the estimate = 6%, p <0.0001, Figure 
5). 

In all 42 patients a one-third filling fraction was 
measured by both techniques. One-third filling frac- 
tion by Doppler was 41 + 12% (range 19 to 80) and by 
radionuclide angiography was 33 + 16% (range 9 to 
82). The correlation for this value was r = 0.67, stan- 
dard error of the estimate = 9% (p «0.0001, Figure 6). 
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TABLE! Doppler and Radionuclide Values for Each Patient 
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Doppler Values 


Radionuclide Values 








1/3 FF AC PFR NPFR AC to E HR 1/3 FF AC PFR TPFR EF HR 
Pt AF MR Dx (96) (96) (cc/s) (EDV/s) (ms) (bpm) (96) (96) (EDV/s) (ms) (96) (bpm) 
1 0 O0 AAA 40 32 772 3.24 140 75 30 26 2.17 184 60 82 
2 0 0 AS 25 56 280 1.78 — 86 38 43 4.02 300 74 74 
3 " 0 CAD 46 — 665 6.16 110 109 29 — 1.39 150 28 86 
a 0 0 CAD 19 67 203 0.93 140 95 26 — 1.43 286 26 96 
5 0 + CAD 44 32 1,120 2.37 150 73 22 33 2.58 160 47 78 
6 0 0 CAD 42 36 322 1.18 190 61 38 19 0.86 144 22 68 
7 0 0 CAD 48 29 363 2.58 150 55 59 21 2.06 132 52 57 
8 0 0 CAD 25 47 181 1.86 240 68 30 44 1.37 324 28 69 
9 0 0 CAD 60 20 746 1.46 140 80 42 12 2.09 115 27 82 
10 0 0 CAD 28 47 307 2.46 170 83 21 31 2.39 207 57 82 
11 0 0 CAD 80 17 603 4.29 180 48 82 17 2.99 160 62 47 
12 0 + CAD 36 — 656 4.40 — 115 9 36 2.81 90 30 125 
13 0 0 CAD 44 32 264 3.30 220 61 48 27 2.94 174 69 65 
14 0 0 CAD 43 27 368 2.58 220 71 38 26 2.84 225 55 75 
15 0 0 CAD 36 42 270 1.70 220 60 17 38 1.84 270 67 63 
16 W^ cR. CAD 46 — 632 9.90 — 96 17 — 3.58 160 72 94 
17 0 0 CAD 70 14 859 — — 60 73 16 2.32 75 33 75 
18 0 0 CAD 49 32 191 — 160 71 24 — 1.91 220 53 94 
19 0 0 CAD 40 40 312 2.84 270 56 49 28 2.45 155 67 60 
20 0 0 CAD 34 50 255 1.80 200 64 30 — 1.81 280 63 60 
21 0 0 CAD 43 30 322 1.50 215 71 32 22 1.65 208 37 62 
22 0 + CAD 51 16 782 4.01 120 69 36 15 2.23 144 23 104 
23 0 0 COPD 28 60 190 1.46 110 107 18 — 3.32 192 59 — 
24 0 0 COPD 37 42 375 3.41 90 97 13 — 3.94 270 88 96 
25 0 0 CRF 36 41 220 1.48 170 83 24 21 2.89 175 72 76 
26 0 0 CRF 36 39 862 2.51 150 83 39 — 2.07 120 52 86 
27 0 0 CVA 36 38 449 3.20 200 79 32 31 2.67 120 65 78 
28 0 0 DC 46 19 735 2.14 — 100 53 — 0.83 75 14 104 
29 0 0 DC 40 38 593 2.16 180 71 18 35 1.71 155 35 81 
30 0 er DG 40 43 200 0.70 170 79 47 29 1.55 96 32 78 
31 0 +. DC 42 30 1,095 6.15 110 92 13 — 3.97 133 48 99 
32 0 0 M 57 21 466 4.44 160 73 47 20 2.23 99 60 76 
33 0 0 M 35 48 236 1.58 110 97 23 — 2.74 189 32 93 
34 0 0 M 33 44 220 1.32 180 83 22 — 1.95 154 65 83 
35 0 0 M 30 58 163 1.31 150 81 27 41 2.81 245 62 82 
36 0 0 M 35 51 353 — 160 96 16 — 4.54 216 75 104 
37 0 0 M 40 40 — — — 79 32 26 2.74 200 55 75 
38 0 0 M 41 27 424 2.69 110 100 50 — 5.06 54 68 104 
39 0 0 M 39 36 250 1.42 — 58 42 30 2.47 224 64 67 
40 0 0 SH 33 39 — — 180 63 35 35 1.82 152 61 66 
41 0 0 SH 52 28 450 2.10 190 62 47 22 2.84 184 67 54 
42 0 0 SH 26 44 271 1.72 200 75 16 44 2.44 336 41 89 


Mean + SD 2/42 6/42 


Range 19-80 14-67  163-1,120 0.70-9.90 


41412 37412 4514259 2.71 + 1.79 167 +42 78 X17 33416 28+9 248+ 92 18069 51+ 18 80+ 16 
90-270 48-115 9-82 


12-44 0.83-5.06 54-336 14-83 47-125 


AAA = abdominal aortic aneurysm; AC = atrial contribution; Ac to E = time from aortic closure to peak early velocity; AF = atrial fibrillation; bpm = beats/ 
min; CAD = coronary artery disease; COPD = chronic obstructive pulmonary disease; CRF = chronic renal failure; CVA = cerebrovascular accident; DC = dilat- 
ed cardiomyopathy; Dx = diagnosis; EDV = end-diastolic volume; EF = ejection fraction; M = malignancy; MR = mitral regurgitation; NPFR = normalized peak 
filling rate (PFR); TPFR = time to PFR; SH = systemic hypertension; 1/3 FF = 1/3 filling fraction. 


Both the percent atrial contribution and one-third fill- 
ing fraction were significantly greater when measured 
by Doppler techniques compared with radionuclide 
angiography. 

Filling rates: In 2 patients the mitral anulus diame- 
ter could not be measured due to technically difficult 
studies. In the remaining 40 patients, the peak filling 
rate by Doppler ranged from 163 to 1120 cc/s (mean 
451 + 259) and did not correlate with radionuclide 
peak filling rate (r = 0.05, difference not significant, 
Figure 7). In 3 patients LV end-diastolic diameter 
could not be measured due to technically difficult M- 
mode echocardiograms. In the remaining 37 patients 


in whom a Doppler normalized peak filling rate could 
be calculated, the value ranged from 0.70 to 9.9 s^! 
(mean 2.71 + 1.8). This compared with a mean radio- 
nuclide peak filling rate of 2.48 + 0.92 s^! (range 0.83 to 
9.06) in these patients. There was a weak but signifi- 
cant correlation at r = 0.33 (p <0.05) between Doppler 
normalized peak filling rate and radionuclide peak 
filling rate (Figure 7]. 

In several patients who had heart rates >80 beats/ 
min with the mitral A wave much greater than the E 
wave, the radionuclide angiographic time to peak fill- 
ing rate and peak filling rate were much higher than 
the equivalent Doppler measures. An example of this 








is shown in Figure 4A. In these patients, it appears that 
the peak filling rate determined by the radionuclide 
technique is actually the filling rate due to atrial sys- 
tole. 

Time intervals: The time interval from onset of 
mitral flow to peak early diastolic velocity as measured 
by Doppler could be determined in 40 patients and 
ranged from 30 to 130 ms (mean 67 + 20). The radionu- 
clide time to peak filling rate ranged from 54 to 336 ms 
(mean 179 + 70, p «0.001 vs Doppler). There was no 
significant correlation between the 2 measurements (r 
= 0.25) (Figure 8). The time from aortic valve closure to 
peak early velocity could be measured in 35 subjects 
and averaged 167 + 42 ms (range 90 to 270). In these 35 
subjects the mean radionuclide time to peak filling 
rate was 184 + 65 ms (range 54 to 336). There was, 
however, no significant correlation between the 2 val- 
ues (r = 0.27) (Figure 8). 
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FIGURE 4. Doppler mitral flow velocity recordings (/eft), radionu- 
clide time activity curves (upper right) and first-derivative curves 
(lower right) from representative study patients. A, 64-year-old 
woman with tachycardia demonstrating merger of early and atrial 
filling curves by radionuclide angiography but clearly separable 
peak early (E) and peak atrial (A) velocities by Doppler at similar 
heart rate. There is a small positive deflection (arrow) occurring in 
the radionuclide first-derivative curve immediately after ejection, 
which is due to noise artifact during isovolumic relaxation. Because 
the peak atrial velocity is twice that of the peak early velocity, when 
the 2 become merged the peak filling rate is that associated with 
atrial systole. B, 37-year-old man taking 6 blockers after thrombo- 
lysis for acute inferior myocardial infarction, demonstrating close 
similarity of Doppler velocity curve and radionuclide first derivative 
curve. In this patient the percent atrial contribution by Doppler was 
1796 and by radionuclide angiography it was 1796. The one-third 
filling fraction was 8096 by Doppler and 8396 by radionuclide angi- 
ography. C, 75-year-old man with coronary artery disease with 
percent atrial contribution of 29% by Doppler and 21% by radionu- 
clide angiography and one-third filling fraction of 48% by Doppler 
and 59% by radionuclide angiography. 


Discussion 


The accurate measurement of LV diastolic filling 
continues to be a topic of great clinical and research 
interest. Early investigations in this area were per- 
formed using invasive contrast angiography and estab- 
lished this technique as a "gold standard.’’2° More 
recently, radionuclide angiography has attained wide- 
spread use and gained preeminence as the noninva- 
sive procedure of choice for measuring diastolic fill- 
ing. Because of its ease of use, totally noninvasive na- 
ture and ability to measure beat-to-beat changes 
in transmitral flow, investigators have begun using 
Doppler to measure diastolic filling.!?-?9 This study 
documents the close correlation between similar 
Doppler and radionuclide measurements of relative 
diastolic filling. 

Evaluation of relative filling: Measurement of the 
amount of LV filling that has occurred by one-third of 
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FIGURE 5. Correlation of percent atrial contribution by radionuclide 
angiography (RNA) (x axis) versus Doppler (y axis) percent atrial 
contribution. 


FIGURE 7. Correlation of radionu- 
clide angiographic peak filling 
rate (x axis) with Doppler-deter- 
mined peak filling rate (/eft) and 
normalized peak filling rate 
(right). EDV = end-diastolic vol- 
ume. 


Doppler Peak Filling Rate (cc/s) 


50 15.10.20.25.30 35 40 45 50 55 
Peak Filling Rate (EDV/s) 


diastole has been used by investigators as a radionu- 
clide index of diastolic function.^? The time of one- 
third of diastole should be relatively independent of 
operator subjectivity but the amount of filling that has 
occurred at this time appears to be highly dependent 
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FIGURE 6. Correlation of one-third filling fraction by radionuclide 
angiography (RNA) (x axis) and Doppler (y axis). 
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on heart rate.! Measurement of one-third filling frac- 
tion by Doppler requires computer assistance or time- 
consuming manual computations and thus may not 
have widespread clinical applicability. In this study, 
the calculated value of the one-third filling fraction 


l 
j 





| Doppler Time — Mitral Obenkdg To Peak Early Velocity (ms) 


S 





Doppler Time From Aortic Closure To Peak Early Velocity (ms) 


RNA Time To Peak Filling Rate 


_ measured by Doppler was systematically and consis- 
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FIGURE 8. Correlation of radionu- 
clide angiographic (RNA) time to 
peak filling rate (y axis) with 
Doppler-determined time from 
mitral valve opening to peak early 
velocity (/eft) and time from aor- 
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compare these 2 values, but described a strong correla- 





tently greater than the radionuclide one-third filling 
fraction despite a good correlation between the two. 
This difference results from the inclusion of the isovo- 
_lumic relaxation time (during which no filling occurs) 
_ in the radionuclide one-third filling fraction but not in 
the Doppler one-third filling fraction. 

The excellent correlation between the atrial contri- 

bution to LV filling as assessed by both techniques is 


tion between the Doppler ratio of peak early to atrial 
velocities and the radionuclide angiographic ratio of 
percent of LV filling during early filling to percent 
during atrial systole (r = 0.76, n = 37). 

Filling rates: It is not surprising that the radionu- 
clide measurement of normalized peak filling rate did 
not correlate with Doppler peak filling rate. The nor- 
malization of the peak rate of change of counts by the 


encouraging. The percent atrial contribution is easily 
measured by both techniques and provides an index 
that is comprehensible to physicians not working in 
this field. This value may also give some idea of how 
reliant a patient is on atrial systole and has clinical 
relevance in those patients with supraventricular dys- 
rhythmias or in whom dual-chamber pacemaker in- 
sertion is contemplated. A very similar correlation (r = 
0.85) between radionuclide angiography and Doppler 
for this value was reported by Friedman et al.?9 In both 
our present study and Friedman's, there was a tenden- 


cy for the Doppler index to be systematically greater 


than the radionuclide angiographic percent atrial con- 
tribution by a small but consistent amount (7% for 
present and 6% for previous study). This may repre- 

sent an unequal division of diastasis by the interpreter 


. of the radionuclide time activity curve with a tendency 


to include more of this period with early filling. Con- 
versely, one must recognize that division of Doppler 


. velocities at the nadir of velocities between the early 
and atrial peaks when these peaks are close tends to 
- include a large portion of early filling under the atrial 
. integral. Spirito et al,” in a similar comparative analy- 


sis of radionuclide angiography and Doppler assess- 
ment of LV filling, initially reported on 18 subjects in 
whom the Doppler atrial integral correlated with the 


percent of LV filling during atrial systole (r = 0.56). In 


the final published report, however, they did not 


end-diastole ventricular counts may have completely 
eliminated any relation between these 2 parameters. 
However, the normalization of the Doppler peak fill- 
ing rate by LV end-diastolic volume only weakly im- 
proved the correlation of these seemingly identical 
measurements. Friedman et al?9 found a similar poor 
correlation between both Doppler peak filling rate and 
normalized peak filling rate and radionuclide peak 
filling rate. In the study of Spirito et al? Doppler peak 
filling rates were not determined. The poor correlation 
may be related, as Friedman et al? have suggested, to 
either difficulties in measuring LV end-diastolic vol- 
umes or counts or difficulties in measuring mitral anu- 
luar diameter. The measurement of normalized peak 
filling rate by Doppler depends critically on 2 mea- 
surements derived from imaging information: mitral 
anulus diameter and LV end-diastolic volume. From 
our experience and that of other investigators,?? it is 
clear that the measurement of mitral anular diameter 
has an interobserver variability of up to 15%. This 
measurement when squared to determine mitral anu- 
lar area may be a significant source of error in the 
Doppler peak filling rate. The critical dependence of 
peak early filling velocities on mitral anular area 
points out a major limitation of this parameter in the 
assessment of diastolic function. Very minor reduc- 
tions in the effective mitral flow area as seen in 
patients with normally functioning prosthetic mitral 
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valves?! or with mitral anular calcification?! will result 
in elevated peak early filling velocities in the absence 
of a change in diastolic LV function. 

Normalization of the peak filling rate for end-dia- 
stolic volume has been traditionally performed in or- 
der to minimize the dependence of this parameter on 
LV size. We used the minor-axis dimension derived 
from M-mode echocardiograms for LV volume deter- 
minatior; this may be less accurate (in comparison 
with contrast angiographic volume measurements) 
than volumes determined from cross-sectional echo- 
cardiograms?? especially in the presence of region- 
al dyssynergy. However, 2-dimensional echocardio- 
graphic volume determinations may be limited in 
accuracy due to inadequate visualization of the endo- 
cardium or foreshortening of the LV long axis and 
require much more expertise and time to perform pro- 
perly.* Moreover, the similarity of our results to those 
of Friedman at al,?$ who used 2-dimensional echocar- 
diographic volumes, would imply that echocardio- 
graphic volume determination is not the major course 
of discrepancy between the 2 techniques. 

A third possible source of discrepancy between the 
techniques occurs in the measurement of peak velocity 
or peak rate of change of counts. When diastole is 
shortened at higher heart rates and there is a large 
contribution of atrial systole to LV filling, the peak 
velocities associated with atrial systole may exceed 
those during early filling. Under these circumstances, 
the peak filling rate measured by radionuclide angiog- 
raphy may actually represent the atrial contribution to 
filling. Because of the superior temporal resolution of 
Doppler, a clear separation of early and atrial filling i is 
usually possible when heart rate is «110 beats/min. In 
addition, because LV filling can be analyzed on a beat- 
to-beat basis with Doppler, post-extra systolic pauses 
frequently allow the separation of early and atrial fill- 
ing at even higher heart rates. Finally, it should be 
noted that the validation of Doppler-determined peak 
filling rates has been made by Rokey at al!? in compar- 
ison with contrast angiography, but similar validation 
does not exist for radionuclide-determined peak fill- 
ing rate. 

Time intervals: One of the most commonly used 
radionuclide measures of diastolic function is the time 
to peak filling rate. This measurement includes both 
the isovolumic relaxation time and the time from mi- 
tral valve opening to peak filling rate. The equivalent 
Doppler time interval would include the time from 
aortic valve closure to mitral valve opening (isovolu- 
mic relaxation time) plus the time from mitral valve 
opening to peak early velocity. In the current study, 
although the mean time interval for these measure- 
ments was similar by the 2 techniques the scatter for 
individual patients was wide and no correlation be- 
tween the two existed. Again, this would suggest an 
inaccuracy in 1 or both measurements or that the times 
being measured are different. 

Friedman et al?$ measured the time from mitral 
valve opening to peak early velocity by Doppler in 14 
patients in whom heart rate differed by <5% between 
the 2 studies and found a weak correlation with the 
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radionuclide angiography time to peak filling rate (r= = 
0.53, p <0.05). Analysis of the plot for this relation 
reveals primarily a scattergram with the correlation 
provided by the point with extremely long values by 
each technique. They found a much better correlation 
between the time from end-diastolic to peak early 
velocity (by Doppler) and the radionuclide time 
from end-diastolic to peak filling rate (r = 0.88). This 
correlation, however, is not surprising, since this val- 
ue is heavily dependent on heart rate. Because this 
time interval includes isovolumic contraction, ejection 
time, isovolumic relaxation and the time from mitral 
valve opening to peak filling rate, it is not a useful 
measure of diastolic function. Spirito et al?” showed a 
good correlation between the time from end-systole to 
the end of rapid filling (by radionuclide angiography) 
and both the duration of the early flow velocity peak (r 


= 0.72) and the time from aortic closure to the end of 
the early flow-velocity peak (r = 0.83). Again, these are 


not commonly used Doppler or radionuclide angiogra- 


— 


phy measures of diastolic function and would appear _ 


to be heavily dependent on heart rate. 
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Randomized Trial of Prostacyclin 
Infusion in Acute Myocardial 
Infarction 
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LORRIE M. LANGEVIN, BNSc 
DONALD G. WATTS, PhD 


D espite intensive study and impressive evidence ac- 
cumulated from experimental animals over the past 
decade, the goal of preserving ischemic myocardium 
during acute myocardial infarction (AMI) remains elu- 
sive. Although it is unlikely that a single therapeutic 
intervention will produce universal benefit to all pa- 
tients with AMI, the use of substances that facilitate 
myocardial perfusion, stabilize membrane ultrastruc- 
ture and diminish the enhanced tendency for platelet 
aggregation during AMI may well have general appli- 
cability. 

In this regard, the isolation and identification of 
prostacyclin (PGI;) by Moncada and Vane! in 1976 was 
a significant development. PGI, is the most potent en- 
dogenous platelet inhibitor known and also causes dis- 
aggregation of platelet clumps through its regulatory 
action on platelet cyclic adenosine monophosphate. 
Additional properties of PGI; make it a most attractive 
potential therapy for the protection of ischemic myo- 
cardium. It stabilizes lysosomes in cardiac cells and 
has both peripheral and coronary vasodilator proper- 
ties. Jugdutt et al? showed that 6-hour infusions of PGI; 
had potent protective effects on the extent of myocar- 
dial infarction in a conscious dog model. Their experi- 
mental data and that of Araki and Lefer? suggest that 
the protective effects of PGI; are independent of both 
its hemodynamic and platelet antiaggregatory action, 
leading to the presumption that the major factor medi- 
ating the beneficial effect during myocardial ischemia 
was related to direct cytoprotection. We therefore un- 
dertook a randomized trial of prostacyclin in patients 
with AMI to assess its therapeutic potential for reduc- 
ing infarct size. 


Patient population: This study group consisted of 54 
patients aged 36 to 74 years (mean 59). There were 43 
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men and 11 women and 20 had anterior and 34 had 
inferior AMI; 5 patients had had a previous AMI. Cri- 
teria for admission to the study included presentation 
within 6 hours of chest pain onset and electrocardio- 
graphic evidence of persisting ST elevation of at least 
1.5 mm in 2 or more adjacent precordial leads or 2 of - 
3 inferior leads. Exclusion criteria consisted of cere- 
brovascular accident or AMI within the previous 3 
months, unstable ventricular arrhythmias refractory 
to conventional therapy and cardiogenic shock or se- 
vere diffuse pulmonary edema. 

The study design involved stratification of patients 
into high- or low-risk groups based on the presence of 
one or more following; previous AMI, cardiomegaly 
and clinical or radiographic evidence of heart failure 
at the time of admission. Patients were randomized to 
control or treatment groups according to a scheme we 
have previously described,* which involves obtaining 
informed consent from only those patients random- 
ized to receive treatment. Using this scheme, 28 pa- 
tients were randomized to control and received usual 
coronary care unit treatment in our institution and 26 
patients were randomized to receive prostacyclin in 
an unblinded fashion. The control group consisted of 
22 men and 6 women, of whom 18 had inferior and 10 
anterior myocardial infraction; 3 patients had had a 
previous AMI. The treatment group consisted of 21 
men and 5 women, of whom 16 had inferior and 10 
anterior AMI; 3 had had a previous AMI. Two of those 
patients randomized to treatment declined consent 
but were included for purposes of analysis in the treat- 
ment group according to the intention-to-treat princi- 
ple. Conventional therapy in our unit during the time 
of this study consisted of bed rest, oxygen, morphine 
and oral or topical nitrates for recurrent ischemic 
pain. 

Prostacyclin sodium (epoprostenol was synthesized 
by The Upjohn Company and formulated by the Well- 
come Foundation) was reconstituted in sterile saline 
and administrated as an initial dose of 1 ng/kg/min 
with step-wise titration over the first hour to 4 ng/kg/ 
min unless there was a 10% decrease in systolic blood 
pressure or a >10% increase in heart rate. Prostacy- 
clin solutions were mixed freshly every 12 hours. The 
infusion was selected from the study of Data et al? who 
assessed the use of PGI, in normal volunteers and 
concluded that it could not be tolerated at rates above 4 
ng/ kg/min for prolonged infusions of 6 to 24 hours. 
These workers, however, demonstrated that at these 
infusion rates there was measurable inhibition of 
adenosine diphosphate-induced platelet aggregation 
attesting to the biologic efficacy of this infusion rate. 
The PGI, infusion was continued for 24 hours and 
E gradually over the final 4 hours of the 
study. 


_ During the first 24 hours, heart rate and blood pres- 
sure measurements were made frequently and serial 
creative kinase (CK) sampling was performed every 4 
- hours for the first 48 hours for estimation of infarct size 
using a modification of the cumulative CK approach.®” 
During the hospital course, daily electrocardiograms 
and CK determinations were performed to assess the 
incidence of in-hospital extension of AMI. Extension 
was defined as a >50% increase above the previously 
established basal CK. Twenty-four-hour ambulatory 
monitoring was done before hospital discharge and 
the frequency of ventricular arrhythmia assessed us- 
ing the Lown classification. First pass radionuclide 
scintigraphy was undertaken in patients without a 
previous AMI using technetium-99m labelled diphi- 
lenetrianime pentaacetic acid and a computerized 
multicrysta! gamma camera. Ejection fraction was 
calculated and regional wall motion abnormalities as- 
-sessed as identified by <20% inward motion toward 
the diastolic major and minor axis at the left ventricle 
and was expressed as a percentage of the total circum- 
 ference of the left ventricle from both right and left 
anterior oblique projections. We then used the mean 
_ percentage of abnormally contracting segments from 
` both projections as a marker of infarct size. CK levels, 
 Holter monitoring and radionuclide data were ana- 
lyzed without previous knowledge of whether patients 
were in treatment or control groups. Radionuclide 
measurements were calculated by 1 observer; the in- 
traobserver variation in measurement was <5%. 

Statistical analysis was performed using analysis of 
variance, Student's t test and regression analysis 
where appropriate; a p value of «0.05 was considered 
significant. 

Heart rate in the control and treatment groups was 
well matched at the time of entry (74 + 14 vs 74 + 72 
beats/ min) and there was no significant change during 
PGI» infusion. Similarly, systolic and diastolic pres- 
sures were well matched at control (135 + 21 vs 146 + 
38 mm Hg and 83 + 12 vs 86 + 19 mm Hg, respectively) 
and there was a slight and insignificant decrease in 
blood pressure in both groups over the subsequent 24 
hours. The mean infarct size for the control group was 
73 + 36 gEq, which was similar to the infarct size in the 
treatment group (71 + 55). Time to peak CK was 18 + 
8 and 18 + 6 hours respectively for control and treat- 
ment groups (difference not significant). When infarct 
size within the treatment group was analyzed based on 
time of onset of infusion from time of onset of symp- 
toms, there was no evidence of a more beneficial ef- 
fect of treatment at earlier infusion times. The mean 
percentage of wall motion abnormality as a proportion 
of the total circumference of the left ventricle was 37 
+ 31% in the control group (n = 20) and 49 + 34% in 
the treatment group (n = 22); ejection fraction was 44 
+ 13% for the controls and 41 + 14% for the treated 
group. The differences between the 2 groups were not 
significant. 


Ambulatory monitoring before hospital discharge 
revealed no significant difference in the frequency of 
rhythm disturbances identified in either group; that is, 





84% of control and 90% of treatment patients had 
either no or infrequent unifocal ventricular. prema- 
ture beats («30/ hour). Five of 28 control patients and 7 
of 26 treatment patients had an extension of their 
myocardial infarction in hospital. At 1 month, 15 of 
control and 12 of the treated patients had post-infarc- 
tion angina and at 6 months, 2 patients from each 
group had died from a cardiac cause. 

Prostacyclin infusion was well tolerated with only 
occasional flushing and nausea in 2 patients. Dose ad- 
justments were made during the infusion: in 1 patient, 
it was temporarily discontinued for 70 minutes and 
then recommenced and the previous maximal dose 
reestablished within 3 hours; in the second patient, 
there was a temporary reduction in infusion rate of 
approximately 1 hour because of hypotension. The 
mean total dose of prostacyclin received was 474 + 96 
ug; all patients, excluding the aforementioned 2 ex- 
ceptions, received 24 hours of PGI, infusion. 


This randomized study of intravenous PGI; therapy 
in the early hours of AMI shows no evidence of bene- 
ficial effect on short-term clinical outcome or objective 
measures of infarction size, which consisted of cumu- 
lative CK release and first pass radionuclide scintigra- 
phy. Although our scintigraphic studies included pa- 
tients who had undergone extension of AMI, these 
were relatively equally distributed between the pros- 
tacyclin and placebo groups and would not have been 
expected to influence our results substantially. Al- 
though this study is of modest size, based on the data 
acquired in the control population, it has an 80% pow- 
er to detect a 39% difference in infarct size from CK 
measurements and a 25% difference in the ejection 
fraction. Repeat analysis of our data excluding the 2 
patients randomized to treatment who did not receive 
prostacyclin failed to alter our results. 

The reasons for the differences between our clini- 
cal study and previous favorable experimental data 
are unclear but may relate to the biology of myocardial 
infarction in man as opposed to the dog,? and the fact 
that Jugdutt et al? achieved protective effects from 
PGI, by infusing a 100-fold higher dose (0.5 ug/kg/min 
directly into the left atrium 5 minutes after permanent 
occlusion]. 

Henriksson et al!? recently reported on the effects 
of 72-hour prostacyclin infusions in patients with AMI 
using doses similar to our own begun within 16 hours 
of the onset of symptoms. They found no difference in 
QRS score or peak CK-MB (sampled every 8 hours for 
24 hours) in either group. However, they suggested a 
protective effect of prostacyclin in the 7 patients who 
received it within 6 hours (the entry window for the 
current study) as opposed to 4 comparable placebo 
patients, and also suggested a reduced incidence of 
extension during infusion. The numbers of patients in 
this subset compared with the numbers in our study 
are small and the differences they found did not ex- 
tend to electrocardiographic markers of myocardial 
injury. 

If the dramatic effects of prostacyclin in the experi- 
mental animal are to be reproduced in man, it may 





well be that a higher infusion rate than that achieved 
in our study is required, and this would be beyond the 
dose tolerable in humans. 


Acknowledgment: It is a pleasure to acknowledge 
the support of the nurses of the Coronary Care Unit at 
Kingston General Hospital, the technical assistance of 
James McKinven, Elaine Hess and Susan Carter, and 
the secretarial assistance of Maureen McClenaghan 
and Robin Hilson. 

Prostacyclin sodium (Cyclo-prostin) was provided 
by Otto Linet, MD, The Upjohn Company, Kalamazoo, 
Michigan, and Edward Masson, MD, The Upjohn 
Company of Canada. 


1. Moncada S, Gryglewski RJ, Bunting S, Vane JR. An enzyme isolated from 
arteries transforms prostaglandin endoperoxides to an unstable substance 
that inhibits platelet aggregation. Nature 1976;263:663-665. 


February 15, 1988 


- PF 


MER ^ ul ee RS > UAI. P. ot m , E Be 
THE AMERICAN JOURNAL OF CARDIOLOGY Volume 61 


2. Jugdutt BI, Hutchins CW, Bulkley BH, Becker LC. Dissimilar effects of 
prostacyclin, prostaglandin E; and prostaglandin E; on myocardial infarct 
size after coronary occlusion in conscious dogs. Circ Res 1981;49:685-700. 
3. Araki H, Lefer AM. Role of prostacyclin in the preservation of ischemic 
myocardial tissue in the perfused cat heart. Circ Res 1980;47:757-763. 

4. Armstrong PW, Watts DG. Clinical trials: randomization before consent. 
Biomedicine 1981;34:65-66. 

9. Data JL, Molony BA, Meinzinger MM, Gorman R. Intravenous infusion of 


prostacyclin sodium in man: clinical effects and influence on platelet adeno- — 


sine diphosphate sensitivity in adenosine 3',5'-cyclic monophosphate levels. 
Circulation 1981;64:4-12. 


l x: : — = POET TEE LE — LS NE FG CE TO aT) OPS A 
eT NIA "EUER ee a ee nee ne Oa ee NE Pe — DUNT oe a ea | 
a aT 23 - - p^. 457 | 


6. Sobel BE, Bresnahan GF, Shell WE, Yoder RD. Estimation of infarction size ; 


in man and its relation to prognosis. Circulation 1972;46:640-648. 


7. Armstrong PW, Watts DG, Hamilton DC, Chiong MA, Parker JO. Quantifi- 


cation of myocardial infarction. Template model for serial creatine kinase 
analysis. Circulation 1979;60:856-865. 


8. Sharp BN, Botvinick EH, Shames BM, Norman A, Chatterjee K, Parmley - 


WW. The clinical estimation of acute myocardial infarction size with 99mTc 
pyrophosphate scintigraphy. Circulation 1978;57:307-313. 

9. Melin JA, Becker LC. Salvage of ischemic myocardium by prostacyclin 
during experimental myocardial infarction. JACC 1983;2:279-286. 

10. Henricksson P, Edajg O, Wennmalm A. Prostacyclin infusion in patients 
with acute myocardial infarction. Br Heart J 1985;53:173-179. 





Percutaneous Transluminal Coronary 
Angioplasty in Octogenarians 


MORTON J. KERN, MD 
UBEYDULLAH DELIGONUL, MD 
KATHY GALAN, RN 
ROBERT ZELMAN, DO 
GREGORY GABLIANI, MD 
STEPHEN T. BELL, MD 
JOSEPH BODET, MD 
KEITH NAUNHEIM, MD 
MICHEL VANDORMAEL, MD 


ae data are available on the results of nonop- 
erative coronary revascularization using percutaneous 
transluminal coronary angioplasty (PTCA) in patients 
over the age of 65,'-? but few data are available in the 
subgroup of patients in their octogenarian years. We 
attempted to ascertain clinical data and results in pa- 
tients older than 80 years of age undergoing PTCA in 
our hospital. 


Between November 1984 and February 1987, 21 
patients older than 80 years of age underwent PTCA. 
These patients came from a population of approxi- 
mately 5,000 patients undergoing cardiac catheteriza- 
tion of whom 54 were older than 80 at catheterization. 
The number of PTCA procedures over the same peri- 
od was approximately 850. At admission, clinical and 
procedural data were entered into a computerized 
data base. Data including age, race, gender, presence 
of systemic hypertension, diabetes mellitus, hyperlipi- 
demia, cigarette smoking and family history of cardio- 
vascular disease were recorded. In addition, the pres- 
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ence and severity of congestive heart failure and angi- 
na (Canadian Heart Association classification) were 
noted. Unstable angina was defined as new-onset an- 
gina within 60 days before onset of symptoms or angi- 
na increasing in frequency and duration. Refractory 
angina was defined as angina that was accelerated and 
unresponsive to maximal medical therapy including 
intravenous nitroglycerin, intraaortic balloon coun- 
terpulsation or both. Cardiac catheterization data in- 
cluded determination of left ventricular ejection frac- 
tion and left ventricular wall motion score (Coronary 
Artery Surgery Study), left ventricular end-diastolic 


pressure, regional wall motion abnormalities, number 


of critically stenosed vessels >50% and >70% nar- 
rowing luminal diameter (by caliper-assisted mea- 
surement). 

Definition of primary PTCA success for this study 
was an increase in diameter narrowing 250% without 
in-hospital complications. Other PTCA procedural 
data including presence of intraluminal filling defects 
of thrombus, arterial dissection and periprocedural 
myocardial infarction also were reported. After hospi- 
talization follow-up was performed by telephone in- 
terview or clinic visit for all survivors. The level of 
physical activity, intervening hospitalizations and sub- 
sequent complications were recorded. Results are 
presented as mean + 1 standard deviation. 

Of 21 octogenarian patients, 9 were men and 12 
were women. Mean age was 82 years (range 80 to 87). 
Associated medical problems included hypertension 
(9 patients ) and diabetes mellitus (2 patients). Unstable 
(or refractory) angina occurred in 17 patients. One 
patient had class III congestive heart failure compli- 
cated by unstable angina. Recent onset myocardial 
infarction within 1 week of PTCA occurred in 5 pa- 
tients and within 4 weeks in 7 patients, suggesting that 
this cohort of patients was predominantly a high-risk 
subset. The clinical characteristics of octogenarians in 
this study are listed in Table I. 

PTCA success was obtained in 14 of 21 (67%) pa- 
tients. The clinical results and outcomes of the study 
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. TABLE! Clinical Characteristics of the Octogenarian Undergoing 
Percutaneous Transluminal Coronary Angioplasty (PTCA) 
No. (96) 
Total pts 780 years with cardiac catheterization 54 
Total pts 780 years with PTCA 21 (39) 

Men/women 9/12 (43/57) 

Mean age (yrs) 82 

Range 80 to 87 
Coronary artery disease: 

Single artery narrowing >70% in diameter 9 (43) 

Multi artery narrowing >70% in diameter 12 (57) 

Left main 1 (4) 

Left ventricular score = 10 8 (38) 
Prior CABG surgery 0 (0) 
Anginal class (CHA) 

ll 2 (10) 

LL 2 (10) 

IV 17 (81) 
Unstable angina 12 (57) 
Post AMI angina 5 (24) 
Emergency PTCA for refractory chest pain 6 (23) 
Prior AMI 11 (52) 


AMI = acute myocardial infarction; CABG = coronary artery bypass graft 
surgery; CHA = Canadian Heart Association. 


group are summarized in Table II. Five patients re- 
quired intraaortic balloon pumping, intravenous nitro- 
glycerin or both. Of these, 2 died. The most common 
PTCA complication was dissection in 6 patients, 2 of 
whom required emergency surgery and died. Two pa- 
tients with arterial dissections also had total occlusion. 
Two patients with dissection had clinically successful 
PTCA. In 2 patients the lesion could not be crossed and 
1 patient died later the same day after bypass surgery. 
In total, 4 patients died in-hospital: 1 patient had un- 
stable angina and class IV congestive heart failure and 
died in the operating room during emergency coro- 
nary artery bypass surgery after failed PTCA. Three 
patients underwent emergency coronary artery by- 
pass surgery; 2 died within 5 days. The overall proce- 
dural mortality was 4 of 21 (19%). 

On follow-up, 1 patient had a successful PTCA but 
died 1 week later at another hospital. One patient 
could not be contacted after 6 morths of angina-free 
follow-up. Eight patients are asymptomatic (2 with re- 
peat PTCA); 4 patients have angina but are improved. 
Actuarial survival for the small series over the brief 
follow-up period was not computed. 


Previous reports document highly successful re- 
sults for both operative*? and PTCA? coronary revas- 
cularization in patients in the seventh and eighth de- 
cades of life. The current small series is similar to that 
of the National Heart, Lung, and Blood Institute PTCA 
. Registry for elderly (older than 65 years) patients! with 
a large percentage of women, patients presenting with 
severe angina and angina at rest and patients with 
multivessel disease compared with younger patient 
subgroups. In contrast to the elderly (older than 70 
years) patients of Dorros and Janke,? only 1 patient in 
our series underwent multivessel dilation, although 6 
patients had dilation of multiple narrowings in the 
same artery. The clinically successful PTCA in 14 
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TABLE || Results of Percutaneous Transluminal Coronary 
Angioplasty (PTCA) in the Octogenarian 
No. (96) 

Narrowing dilatation attempted 32 
Narrowings dilated 25 
Coronary artery dilated 

Left anterior descending 10 

Circumflex 3 

Right 9 
PTCA failed* 7 
Percent diameter stenosis 

Before PTCA (86 + 16) 

After PTCA (35 + 33) 
Success 

Angiographic (lesion <50% diameter narrowed) 25/31 (78) 

Clinical success * 14/21 (67) 
Reasons for failed PTCA* 

Not crossed 2 

Dissection 6 

Thrombosis 1 
Complications 8/21 (38) 


* Not mutually exclusive. 


(67%) of the current octogenarian group was associ- 
ated with a high mortality and complication rate. We 
believe this represents the increased risk and poor 
outcome known to occur in patients with unstable an- 
gina and revascularization in the setting of recent myo- 
cardial infarction. 

Although the success rate of PTCA is lower and the 
mortality rate is higher in these very elderly patients, 
their data are presented without statistical testing 
against a comparable more stable octogenarian group. 
We speculate that the adverse outcomes may be due to 
the higher rate of unstable angina and myocardial in- 
farction, clinical conditions that predispose to compli- 
cations and death, more than age, in and of itself, 
which may not necessarily increase PTCA risk. Recog- 
nizing that only a prospective matched-control study 
design would permit definitive conclusions regarding 
age alone as a risk factor, we believe the octogenarian 
should be considered at higher risk for cardiovascular 
complications during interventions. The relatively 
high success rate and low morbidity and mortality of 
PTCA reported in patients over the age of 65 in previ- 
ous studies'-? cannot be extrapolated to elderly pa- 
tients comprising the small octogenarian subset. These 
data indicate that although feasible and often success- 
ful, extraordinary caution must be applied when at- 
tempting PTCA revascularization in octogenarians. 
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Left Main Coronary Artery Stenosis 
After Percutaneous Transluminal 
Coronary Angioplasty 


VICTOR S. WAYNE, MD 
RICHARD W. HARPER, MD 
AUBREY PITT, MD 


P ercutaneous transluminal coronary angioplasty 
(PTCA) is an accepted technique in the treatment of 
discrete proximal coronary artery lesions. We report 
on 3 patients undergoing PTCA without left main (LM) 
coronary artery stenosis. Each subsequently devel- 
oped new severe LM coronary artery stenosis during 
or after PTCA. The new disease in the LM coronary 
artery suggests that instrumentation during the proce- 
dures may have contributed to the early development 
of these lesions. 


Three men investigated for angina pectoris had 
proximal coronary arterial lesions on angiography. 
PTCA was subsequently performed in each. Clinical 
and angiographic features and PTCA parameters are 
listed in Table I. The procedures in patients 1 and 2 
were without incident. In patient 1, during balloon 
inflations, the proximal end of the balloon immediate- 
ly abutted the distal end of the LM coronary artery. In 
the other 2 patients, the distal end of the LM coronary 
artery was dearly separated from the balloon during 
dilatations. In all 3 patients, the tip of the guiding cath- 
eter was located at the ostium of the LM coronary 
artery. 

In patient 3, instrumentation was not difficult. 
However, after the first dilatation (3 atmospheres for 
10 seconds), contrast flushing through the guiding 
catheter suggested a new ostial LM coronary artery 
stenosis, without any clinical sequelae. After 3 dilata- 
tions and removal of the balloon catheter and guide- 
wire, unimpeded contrast injection confirmed a 75% 
ostia! LM coronary artery stenosis, unchanged after 
intracoronary nitroglycerin. The femoral sheath was 
left in situ and the patient returned to the ward. The 
next day, repeat angiography confirmed the previous 
day's findings. Figure 1 shows the angiographic ap- 
pearances of the LM coronary artery in all 3 patients, 
before PTCA and after the development of new LM 
coronary artery stenosis. 

Patients 1 and 2 subsequently redeveloped signifi- 
cant angina requiring repeat angiography, revealing 
new 90% and 70% LM coronary artery stenosis, re- 
spectively. These patients underwent coronary artery 
bypass grafting. Patient 3 underwent thallium-201 ex- 
ercise myocardial scintigraphy revealing mild high 
septal ischemia at high heart rate and workload. He 
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has been managed with medication and review after 6 
weeks indicated no angina and good exercise toler- 
ance. 


Although restenosis is an accepted problem of 
PTCA, occurring in approximately 30% of restudied 
patients,! the development of new disease secondary 
to PTCA is not documented. A recent study in 86 pa- 
tients? indicated no acceleration of disease progression 
in nondilated segments of the dilated vessel at 21 
months of follow-up after PTCA compared with seg- 
ments of nondilated vessels, suggesting that instru- 
mentation during PTCA does not accelerate disease — 
progression. 

Investigators have studied the angiographic pro- 
gression of coronary artery disease.» Progression of 
lesions, generally defined by a new or further reduc- 
tion in coronary artery luminal diameter of at least 
25%, occurs in approximately 16 to 26% of lesions 
every year.?? Progression is often unpredictable; it 
generally occurs in areas of preexisting stenosis? al- 
though totally new lesions may occur in the absence of 
preexisting disease,? especially in the left circumflex 
artery.? In patients with normal or only mildly dis- 
eased coronary arteries (stenosis <50%), progression 
or development of new disease is uncommon, approxi- 
mately 1.7 to 8% every year.’ In a total of 1,573 patients 
studied for disease progression.*? new LM coronary 
artery stenosis is only mentioned in 2 patients? al- 
though their previous coronary anatomy is not de- 
tailed. 

Levine et al$ followed 251 patients undergoing 
PTCA. Progression of narrowing in arteries other than 








TABLE! Clinical and Angiographic Characteristics and PTCA 
Parameters 
Pt 1 2 3 
Age (yrs) 43 57 48 
Duration of angina (mo) 3 32 12 


Diameter narrowing (96) 
Left main coronary artery 


Before PTCA 30 0 0 
After PTCA 90 90 70 
LAD 
Before PTCA 70 0 85 
After PTCA 10 0 30 
LC 
Before PTCA 0 70 0 
After PTCA 0 40 0 
Distance of proximal 5 33 23 
part of lesion from 
distal LMCA (mm) 
Inflations (n) 5 5 3 
Highest inflation 11 9 6 
(atmospheres) 
Longest inflation (seconds) 40 60 25 
Dissection No No No 
Total inflation time (seconds) 140 120 45 
Guiding catheter (USCI) Judkins FL4 — Amplatz LFT2 Judkins SL 
Balloon catheter (USCI) 25/30 25/30 25/30 
Time to new angina (mo) 3 7 0 
LMCA stenosis (96) 70 90 75 





LAD = left anterior descending artery; LC = left circumflex artery; LMCA = 
left main coronary artery stenosis noted during procedure; PTCA = percutane- 
ous transluminal coronary angioplasty. 
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FIGURE 1. Angiographic appearance of left main coronary artery (LMCA) in all 3 patients before percutaneous transluminal coronary 
angioplasty (PTCA) and after development of LMCA stenosis in the right anterior oblique projections. Arrows indicate new LMCA stenosis. 
A. Patient 1, initial angiogram immediately before PTCA 30 % distal LMCA stenosis. B. Patient 1, 3 months later: 7096 distal LMCA stenosis. 
C. Patient 2, before PTCA, LMCA appears normal. D. Patient 2, 7 months later: 90% LMCA stenosis. E. Patient 3, initial angiogram 
immediately before PTCA: LMCA appears normal. F. Patient 3, 24 hours after PTCA: 7596 LMCA stenosis reconfirmed. 


the artery dilated occurred in 13% of symptomatic 
(5.6% of total) patients at 6 months, although new dis- 
ease (as distinct from progression of narrowings) is not 
mentioned. Progression of coronary artery disease 
may not relate to the presence of conventional coro- 
nary risk factors (hyperlipidemia, diabetes mellitus, 
hypertension, smoking, family history)? and symp- 
toms, such as new or increasing angina (as in our pa- 
tients 1 and 2) may be the only guide to the develop- 
ment of progression. 

Therefore, the development of new LM coronary 
artery stenosis in our 3 patients appears to be an un- 
usual event not readily explainable on the basis of 
current evidence concerning disease development or 
progression. In patient 3, the new lesion clearly ap- 
pears to relate to the performance of PTCA, while in 
the other 2, the rapid development of new LM coro- 
nary artery stenosis may well relate to the procedure. 
Coronary artery spasm is very unlikely to account 
for the new LM coronary artery appearances in pa- 
tient 3, because the stenosis persisted throughout the 
PTCA despite intracoronary nitroglycerin, and was 
unchanged at angiography the next day. In patient 1 in 
particular, the distal LM coronary artery and the prox- 
imal portion of the balloon were immediately adjacent 
during dilatations. The rapid progression of mild pre- 
existing lesions or development of new lesions may be 
secondary to intimal hemorrhage, and it is possible 


that trauma to the left main stem during PTCA (even if 
unsuspected] could predispose to this. Such trauma 
could occur from the tip of the guiding catheter abut- 
ting the endothelium, from guidewire trauma or from 
catheter changes. Dissection in the LM coronary artery 
could also occur, although no LM coronary artery dis- 
section was noted in any of our 3 patients. 

The development of new LM coronary artery ste- 
noses after PTCA in 3 patients, 1 during the procedure 
and 2 at an accelerated rate following the procedure, 
suggests that instrumentation during PTCA may have 
predisposed to these events. Angina pectoris occurring 
within several months of PTCA may be due to new LM 
coronary artery stenosis. This is a previously undocu- 
mented pctential complication of PTCA. 
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Silent Myocardial Ischemia 
as a Predisposing Factor 
for Ventricular Fibrillation 


STEFAN H. HOHNLOSER, MD 
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ANNETTE GEIBEL, MD 
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8 role of silent myocardial ischemia in triggering 
malignant ventricular arrhythmias, particularly ven- 
tricular fibrillation (VF), is uncertain. We observed 2 
patients who had a cardiac arrest due to VF while 
wearing a Holter monitor. 


Case 1: A 56-year-old man had had a large anterior 
wall acute myocardial infarction 18 days before cardi- 
ac arrest. Left-sided heart catheterization had shown 
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FIGURE 1. Two-channel Holter 
electrocardiogram of case 1. A, 
the baseline electrocardiogram — * 
at the start of the recording peri- = + p: 
od; the arrow indicates the 2 
markers for definition of the ST 
segment. B and C, the continuous 
electrocardiogram preceding 
ventricular fibrillation. Marked 
ST-segment changes are accom- 
panied by complex ventricular ar- 
rhythmias. 
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an occluded left descending and a severe narrowingof 
the left circumflex coronary arteries. Before his cel- 
lapse, the patient was asymptomatic. Holter monitcr- 
ing was routinely performed for detection of ventriau- 
lar arrhythmias. While reading the newspaper, tie 
patient collapsed and was successfully resuscitated. 
The Holter electrocardiogram at the time of the arrest 
is shown in Figure 1. There was a marked ST-segment- 
elevation in lead II of the recording, which started- 
approximately 10 minutes before the terminal eveat. 
Progressively complex arrhythmias ensued during 
this time until VF was initiated by an early cycle ven- 
tricular premature beat. ! 
Case 2: A 44-year-old man had an angiographica ly | 
documented proximal narrowing of the left descend- | 
ing coronary artery. Ambulatory monitoring was ccr- - 
ried out because of suspected episodes of silent myo- - 
cardial ischemia. The patient did not report aay 
symptoms suggestive of angina pectoris during tae 
hours before his arrest. While talking to another per- 
son, he suddenly lost consciousness and was resuscitat- 
ed. Figures 2 and 3 show the Holter electrocardiogrcm 
preceding the final VF. Compared with baseline a- 
marked ST-segment depression became evident dar- 
ing the last hour before the arrest. | 


The role of silent myocardial ischemia as a predis- 
posing factor for sudden death is under debate. From 
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FIGURE 2. Two-channel Holter 
electrocardiogram of case 2. As 
in Figure 1, A demonstrates the 
baseline with definition of the ST 
segment. In this patient, a signifi- 
cant ST-segment depression be- 
comes evident before cardiac ar- 
rest (B and C). 
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an electrophysiologic point of view, acute ischemia 
. favors the occurrence of reentry tachyarrhythmias due 


to dispersion of refractory periods between adjacent 
myocardial cells and to slowed conduction.! Although 
it is difficult to prove the role of acute myocardial 
ischemia as a trigger for VF in man, the 2 cases pre- 
sented here suggest such a pathophysiologic mecha- 
nism. In both patients, significant asymptomatic ST- 
segment changes could be detected reliably by means 
of Holter monitor analysis. This method has been 
demonstrated to be a useful tool in the diagnosis of 
silent myocardial ischemia.? Our findings are further 
supported by observations of Sharma et al? who dem- 
onstrated silent myocardial ischemia by means of ex- 
ercise stress testing in 12 of 15 patients who had sur- 
vived an out of hospital cardiac arrest. Other investiga- 


-— 


men 2 Te gore Pe ee — 7 a 3 
= Lm: Me. m AUR vL NI TALL 1 AT bp Nw TN SUN b esu. LL J 
988 THE AMERICAN JOURNAL OF CARDIOLOGY Volume 


testing’ and during Holter monitoring. In summary, 
these 2 cases indicate that silent myocardial ischemia 
may be a predisposing factor of sudden cardiac deata 
in certain patients. 
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tors have reported similar findings during exercise - 
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Termination of Sustained Ventricular 
Tachycardia by Transesophageal 
Atrial Pacing 
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ee atrial recording is a valuable diag- 
nostic tool in differentiating ventricular from supra- 
ventricular tachycardia! and for identifying mecha- 
nisms of supraventricular tachycardia. The close 
anatomic relation between the esophagus and the pos- 
terior wall of the atria permits atrial stimulation using 
an esophageal electrode. Some studies have reported 
ventricular pacing via this route, but most studies using 
standard electrodes have found this unreliable.» We 


report 5 patients in whom we attempted to terminate 


sustained ventricular tachycardia (VT) by transesoph- 
ageal atrial pacing. 


In 5 consecutive patients presenting with a regular 
wide QRS complex tachycardia, a bipolar catheter 
(Medtronic model 6992) with 29-mm interpolar dis- 
tance was introduced transnasally and positioned in 
the distal esophagus to record the largest atrial elec- 
trogram. The presence of ventriculoatrial dissociation 
strongly supported the diagnosis of VT and procain- 
amide was given to 4 patients to slow the rate of VT 
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and possibly effect its termination. Procainamide was — 
given by intermittent bolus injection of 50 mg/min and — 
attempts to terminate VT were made when the cycle ~ 
length of VT was prolonged to about 400 ms. Had 

termination not been possible, a total of 15 mg/kg cf | 


procainamide would have been administered. Whea 
cycle length was approximately 400 ms, pacing termi 
nation was attempted using an arbitrary current of 15 
mA and a pulse width of 9.9 ms, settings previously 


shown to reliably pace the atrium.55 Pacing was com- 


menced at cycle lengths 20 to 50 ms shorter than the 
tachycardia cycle length. Pacing trains up to 10 sec- 
onds in duration were introduced until evidence cf 


atrial capture and atrioventricular conduction wes — 


seen, as suggested by fusion beats or sustained conduc- 
tion of atrial paced beats to the ventricle. If these per- 
turbations were seen, pacing was terminated. Stimulc- 
tion was performed using a custom built stimulator 
with a power source of 60 V, capable of deliverinz 
constant current to 30 mA against resistances up t» 
2,000 ohms. 

The patients were all male, aged 45 to 63 years 
(Table IJ. Four had had previous episodes of VT, 2 
initially diagnosed as supraventricular. Each of these 4 
patients had had a previous myocardial infarction and 
aneurysm formation. T'wo patients had eaten within 2 
hours of presentation. All were hemodynamically stc- 
ble with systolic blood pressure >95 mm Hg. The cycle 
lengths of the VT before and after procainamide, cy- 
cle lengths of atrial pacing and results of pacing ar? 








TABLE! Conversion of Ventricular Tachycardia 
Cycle Length VT (ms) Pacing P 
Age ————— CycleLength Dose Con- 
Pt (yrs) Pre P Post P (ms) (mg) version 
1 60 320 440 340 500 * 
2 51 320 400 360 200 +: 
3 63 330 400 370 700 + 
4 62 390 430 360 300 + 
5 45 380 — 300-360 0 





P = procainamide; VT = ventricular tachycardia. 
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FIGURE 1. Termination of ventricular tachycardia (VT) at a rate of 150 beats/min (bpm) (cycle length 400 ms) by esophageal pacing at 
rate 162 bpm (cycle length 370 ms). Atrial pacing leads to entrainment of the ventricle with a normal QRS complex. Cessation of pacing 
leads to emergence of sinus rhythm (patient 3). AV — atrioventricular. 
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FIGURE 2. Ventricular tachycardia (VT) at cycle length (CL) of 440 
ms is terminated by esophageal pacing at cycle length 340 ms 
(patient 1). Pacing results in fusion beats and intermittent conduct- 
ed QRS complexes. Cessation of pacing results in emergence of 
sinus rhythm (SR). 


listed in Table I. Four patients were given procain- 
amide and in all, the cycle length prolonged. 

. In all patients pacing was attempted at cycle 
lengths 20 to 100 ms shorter than VT cycle length. In 1 
patient (patient 3) pacing led to atrial capture and 
complete supraventricular activation of the ventricle 
at a cycle length of 360 ms with a narrow QRS com- 
plex. Cessation of pacing led to emergence of sinus 
rhythm (Figure 1). Four patients (patients 1 to 4) had 
intermittent capture and fusion beats during atrial 
pacing. At a moment when maximum perturbation of 
VT occurred, pacing was stopped (Figure 2). One pa- 
tient returned to sinus rhythm on the first attempt and 
the other 3 required 3 to 8 attempts before conversion. 
In patient 5, esophageal pacing led to no fusion beats or 
perturbation of VT. This patient was subsequently 
electrically cardioverted; in sinus rhythm, he had 
marked first-degree atrioventricular block (0.32 s) and 
intermittent Mobitz I second- degree block. This 
would explain the failure of atrial pacing to interrupt 
the ventricular arrhythmia. Transesophageal pacing 
was performed after conversion in all and sustained 
atrial capture but no ventricular capture was noted. 
There was minimal discomfort with no sedation re- 
quired in any patient. 


. The presentation of a wide complex tachycardia 
frequently presents a difficulty in diagnosis. The dem- 


onstration of ventriculoatrial dissociation by transe- 
sophageal atrial recording provides strong evidence to 
support a diagnosis of VT. Here we have demonstrated 
the potential of terminating VT by transesophageal 
atrial pacing. Experience in a larger number of pa- 
tients is required to establish the general usefulness of 
this technique. The technique will clearly be limited to 
patients whose VT is relatively slow and hemodynam- 
ically well tolerated. 

If successful termination of VT can be demon- 
strated in a significant percentage of patients, then the 
introduction of an esophageal electrode for identifica- 
tion of the mechanism of the arrhythmia and attempt- 
ed conversion may become an accepted procedure. It 
has the advantages of combining diagnostic with ther- 
apeutic intervention, of being relatively noninvasive 
and of not requiring anesthesia or fasting. The proce- 
dure may be carried out by the bedside without fluor- 
oscopy. Resuscitation equipment must be available. 

The ability to terminate VT by atrial pacing relies 
on good atrioventricular conduction. This was present 
in 4 of our 5 patients. To enhance the ability to termi- 
nate VT, the rate can be slowed by administration of 
drugs such as procainamide, although pacing could be 
attempted before drug administration. If atrioventric- 
ular conduction of atrial paced beats cannot be at- 
tained, administration of atropine might enhance 
atrioventricular nodal conduction and improve the 
chances of successful arrhythmia termination. 


1. Brown WH. A study of the esophageal lead in clinical electrocardiography: 
part II. An electrocardiographic study of auricular disorders in the human 
subject by means of the esophageal lead. Am Heart J 1936;12:307-338. 

2. Butterworth S, Poindexter CA. The esophageal electrocardiogram in ar- 
rhythmias and tachycardias. Am Heart ] 1946;32:681-688. 

3. Gallagher JJ, Smith WM, Kasell J, Smith WM, Grant AO, Benson DW. Use 
of the esophageal lead in the diagnosis of mechanisms of reciprocating supra- 
ventricular tachycardia. PACE 1980;3:440-450. 

4. Mitsui T, Tanaka T, Saigusa M. An esophageal balloon electrode for cardiac 
pacing. In: Thalen HJT, ed. Cardiac Pacing. The Netherlands: Van Gorcum 
and Co., 1973:282-287. 

5. Gallagher JJ, Smith WM, Kerr CR, Kasell J, Cook L, Reiter M, Sterba R, 
Harte M. Esophageal pacing: a diagnostic and therapeutic tool. Circulation 
1982;65:336-341. 
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Pacemaker-Mediated Endless Loop 
Tachycardia at Rates Below the Upper 
Rate Limit 


KALMAN AUSUBEL, MD 
MARK D. GABRY, MD 
PETER T. KLEMENTOWICZ, MD 
SEYMOUR FURMAN, MD 


| ee tachycardias are a well-recog- 
nized complication of atrial synchronized dual cham- 
ber pacing systems.! They result from the sensing of 
retrograde P waves or ectopic atrial activity by the 
atrial sensing circuit with consequent triggering of 
ventricular pacing. Most pacemaker-mediated tachy- 
cardias are initiated by ventricular ectopic beats with 
retrograde atrial activation. Other initiating mecha- 
nisms have been reported?’ including tracking of a 
sinus P wave.* When these arrhythmias are sustained 
by consistent retrograde atrial activity following each 
paced ventricular beat which then triggers the follow- 
ing beat, they have been termed "endless loop tachy- 
cardias."? This category of pacemaker-mediated 
tachycardia persists until either sensing of retrograde 
P waves ceases or ventriculoatrial conduction termi- 
nates. 

Endless loop tachycardias are generally main- 
tained at the programmed upper rate limit of the pace- 
maker.^9 We recently saw a patient with an endless 
loop tachycardia that had persisted for several days 
and was ended by magnet application. The tachycar- 
dia persisted despite an algorithm in the generator that 
stops atrial tracking after 15 responses at the upper rate 
limit. Because the pacemaker was normal, it was pos- 
tulated that the tachycardia rate was below the upper 
rate limit. In such a tachycardia, the sum of the retro- 
grade ventriculoatrial conduction time and the atrio- 
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ventricular (AV) interval is greater than the cycle 
length of the programmed upper rate limit. We detal 
the interrelations between the ventriculoatrial con- 
duction time and AV interval in several patients who 
manifested endless loop tachycardias below the prc- 
grammed upper rate limit. 


Recipients of DDD pacemakers with programmc- 
ble upper rate limits were seen in the pacemaker cer- 
ter for routine follow-up visits. Those patients with 1:1 
ventriculoatrial conduction at ventricular pacing rates 
of 2100 beats/min at the time of implant were evalua-- 
ed for possible endless loop tachycardias. To facilitate 
the induction of endless loop tachycardia, pacemakers 
were programmed to a short postventricular atrial re- 
fractory period («150 ms), high atrial sensitivity, long 
AV interval (7250 ms) and high upper rate limit (>150 
beats/min). Ventriculoatrial conduction was initiated 
by temporary asynchronous ventricular pacing in the 
magnet mode (VOO). If the magnet mode paced both 
chambers (DOO), the pacemaker was reprogrammed 
to VDD and the magnet was replaced. Tachycardics 
were recorded on standard electrocardiographic 
equipment and their rates were measured by digital 
display counters. The ventriculoatrial conduction 
time was calculated by subtracting the AV interval 
from the tachycardia cycle length. If an endless loap 
tachycardia below the upper rate limit could be ir- 
duced, attempts were then made to reinduce tachy- 
cardia at progressively shorter AV intervals. 

Four patients were identified in whom endless locp 
tachycardias could be induced below the programmed 
upper rate limit (Table I). Endless loop tachycardias 
were induced at rates ranging from 87 to 173 beats/ 
min, and were 2 to 88 beats/min slower than the pro- 
grammed upper rate limits (Figure 1). Table II lists 
the interrelation between the programmed pacemas- 
er settings, retrograde conduction times and resul- 
tant endless loop tachycardia rates. With the retro- 
grade conduction times prolonging minimally at faster 
rates, as the AV interval is shortened the tachycardia 
rate progressively increases, approaching the pro- 
grammed upper rate limit. 


"Atrial synchronized pacemaker arrhythmias" 
were first recognized after the development of the 
original dual chamber VAT pacemaker in the mid- 
1960s.” The atrial synchronous VAT pacemaker had a 








TABLE! Patient Population 
Implant Data 
Pacing Rate 

Age (yrs), Maximum of Maximum Before Pacing 
Pt Sex Dx Pacemaker Mode VACT (ms) VACT (bpm) Symptoms 
1 53, M ICHB CPI 925 DDD 285 140 Syncope 
2 63, M CHB CPI 925 DDD 205 160 CHF 
3 73, M ICHB CCS 501 VDD 385 140 Syncope 
4 75, F CHB CPI 925 DDD 395 100 Dizziness, CHF 


EEE 


bpm = beats/min; CCS = Cardiac Control Systems; CHB = complete heart block; CHF = congestive heart failure; 
CPI = cardiac pacemakers; Dx = diagnosis; ICHB = intermittent complete heart block; VACT = ventriculoatrial 


conduction time. 
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FIGURE 1. Endless loop tachycardia (ELT) occurring at a rate slower than the pacemaker upper rate limit. This tachycardia was induced in 
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a patient with a CPI pacemaker (model 925) programmed to a minimum rate of 40 beats/min, an upper rate limit of 180 beats/min, an atrio- 
ventricular interval of 200 ms and an atrial refractory interval (ARI) of 75 ms. The tachycardia is at an approximate rate of 130 beats/min, 


well below the upper rate limit of 180 beats/min. 








TABLE l| Pacemaker Settings, Retrograde Conduction Times 
and Endless Loop Tachycardia Data 
ELT URL 

ta AVI VACT CL Rate CL Rate 
[ (ms) (ms) (ms) (bpm) (ms) (bpm) 
it Ale 280 270 550 109 333 180 
EE 250 262 512 117 333 180 
[s 200 273 473 127 333 180 
if 150 268 418 144 333 180 
100 271 371 162 333 180 
2 300 340 640 94 540 111 
220 366 586 102 480 125 
l 136 370 550 109 441 180 
160 372 532 113 422 142 
140 370 510 118 400 150 
120 376 496 121 400 150 
| 100 378 478 126 400 150 
E. 280 208 489 123 343 175 
P3 250 215 465 129 343 175 
200 218 418 144 343 175 
170 217 387 155 343 175 
130 217 347 173 343 175 
4 280 411 691 87 343 175 
250 418 668 90 343 175 
200 445 645 93 343 175 
150 455 605 99 343 175 
100 466 566 106 343 175 

AVI atrioventricular interval; bpm — beats/min; CL — cycle length; ELT — 


endless loop tachycardia; URL = upper rate limit; VACT = ventriculoatrial 
conduction time. 


long atrial refractory period designed to limit rapid 
atrial tracking rates and coincidentally blocked the 
sensing of retrograde P-wave activity. Thus, the poten- 
tial for endless loop tachycardia was more a theoretic 

ossibility than a serious clinical issue and was soon 
. forgotten. The advent of VDD and DDD pacemakers in 
the early 1980s revived the endless loop pacemaker- 
: . mediated tachycardia as a clinically troublesome and 
_ frequent complication of dual chamber devices.!-? 
These pacemakers were designed with shortened atri- 
al refractory intervals after the ventricular event to 
- allow for synchronous AV pacing at rapid atrial rates. 
_A short atrial refractory interval allows for sensing of 
retrograde atrial activity and, thereby, induction of 
an endless loop tachycardia. Subsequent pacemakers 
have been designed with programmable atrial refrac- 
tory intervals to obviate this problem. This comes at 
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FIGURE 2. Relation between the endless loop tachycardia (ELT) 
rate and the programmed atrioventricular interval (AVI) and the 
ventriculoatrial conduction time (VACT). With longer ventriculoatri- 
al conduction time for each atrioventricular interval, the tachycar- 
dia rate is slower. Similarly, at a given ventriculoatrial conduction 
time as the atrioventricular interval increases, the tachycardia rate 
decreases. bpm = beats/min. 


the expense of a high upper rate limit, especially in 
patients with prolonged ventriculoatrial conduction. 

We have demonstrated that endless loop tachycar- 
dias can occur below the programmed upper rate limit. 
The cycle length of such a tachycardia is determined 
by the sum of the ventriculoatrial conduction time and 
the AV interval (Figure 2). When an endless loop 
tachycardia occurs below the upper rate limit, ventric- 
uloatrial conduction time can be calculated by sub- 
tracting the AV interval from the tachycardia cycle 
length. The ventriculoatrial conduction time cannot be 
determined by this method when the tachycardia is at 
the upper rate limit because the AV interval may be 
extended to maintain the selected upper ventricular 
rate.® 

The necessary conditions for the occurrence of 
these tachycardias are either preserved retrograde 


conduction at rapid pacing rates (patients 1 through 3) 
or very long retrograde ventriculoatrial conduction 
times (patient 4). Retrograde conduction occurs at 
higher pacing rates (140 to 160 beats/min) in approxi- 
mately 20% of patients at the time of implant. Pro- 
longed retrograde conduction times occur infrequent- 
ly. Routine programming of long postventricular atrial 
refractory periods will therefore avoid most, but not 
all, of these tachycardias. 

Physicians who manage patients with DDD pace- 
makers must be aware that these pacemaker-mediated 
tachycardias do not always occur at a rate equal to the 
upper rate limit. Because the cycle length of these 
tachycardias will be, in part, determined by ventricu- 
loatrial conduction, which itself may vary with auto- 
nomic tone, the rate of such an endless loop tachycar- 
dia may vary despite constant pacemaker settings. 
Thus these tachycardias must be differentiated from 
sinus or other supraventricular tachycardias on a basis 
other than rate. Although the incidence of endless loop 
tachycardias occurring below the upper rate limit is 
unknown, it has been observed spontaneously during 
Holter monitoring for other clinical indications in sev- 
eral of our patients. 

The other area in which recognition of these tachy- 
cardias is important is in the design of devices to detect 
and properly identify their occurrence. The major cri- 
teria for tachycardia recognition algorithms has been 
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rate alone. This applies to pacemaker circuitry itself, in 
which various algorithms have been used to prevent or 
terminate endless loop tachycardias, as well as © 
Holter and bedside monitoring and automatic defibri - 
lator systems. Endless loop tachycardia below the prc- 
grammed upper rate limit underscores the fact thet 
rate alone is insufficient in detection and characterize- 
tion of tachycardias. 

We have termed these pacemaker arrhythmies 
"balanced" endless loop tachycardias in that their re - 
rograde conduction times are long enough to be sensed 
and their tachycardia rates are slower than the upper 
rate limit.? 
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Follow-Up of the Family with 
Congenital Absence of Sinus Rhythm 


BORYS SURAWICZ, MD 
ROBERT J. HARIMAN, MD 


| n 1960, Bacos et al! reported their investigation of a 
family with a "congenital familial nodal rhythm." 
They examined 2 brothers, 1 age 50 (IV-10, F igure 1), 
and the other age 42 (IV-14, Figure 1), with atrioven- 
tricular (AV) junctional bradycardia and intermittent 
atrial fibrillation (AF). Except for an enlarged pulmo- 
nary artery, the cardiovascular examination (including 
cardiac catheterization) disclosed no abnormal find- 
ings. The family history suggested that the condition 
was inherited from their mother (III-9, Figure 1), who 
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lived to age 71 but was known to have slow heart ra e 
and AF during the last 20 years of her life. The survey 
of the remaining family performed by the investiga- 
tors! suggested that this was a dominant autosomal treit 
with an extremely high degree of penetrance. The in- 
vestigators suspected a congenital absence of the sinus 
node but recorded occasional bradycardia with P 
waves believed to be of sinus origin. 

The 2 aforementioned brothers had 2 sisters (IV-72 
and IV-15, Figure 1), who also had "nodal bradycar- 
dia" in childhood and documented paroxysms of A7, 
with an onset late in the third decade in 1, and in tke 
fourth decade in the other. One of the 4 siblings (IV- 14, 
Figure 1), was not married and had no offspring, but 
the remaining 3 had a total of 4 daughters (V-3, 5, 6, 7, 
Figure 1), all of whom had slow "nodal rhythm." Ore 
of these daughters had a son (VI-3, Figure 1), born n 
1958, in whom “nodal rhythm" was suspected at birth. 

As a result of their family survey, Bacos et al! made 
a number of predictions regarding the expected nata- 
ral course of the existing and the subsequently born 
members of this family. They were expected to mari- 
fest slow heart rate and regular rhythm since birth but 
the childhood and development were to be normel. 
Subsequently, they were to experience transient pel- 
pitations beginning in their late 20s or early to mid-36s, 
and finally to develop an established AF requiring 
chronic treatment. Furthermore, the prophecy offered 
an excellent prognosis for longevity. The present com- 
munication updates the condition of the family with 
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Tr course of events with that predicted by Bacos et 
~ al 


. Members of the family included in the initial re- 
port. Second generation: Patient IV-10 (Figure 1) was 
born in 1909. At the time of the initial report! he had 


. intermittent AF treated with quinidine. Because of 
. easy fatigability and exertional dyspnea he had re- 


stricted himself to nonstrenuous and largely sedentary 
activity. Atrial fibrillation became permanently estab- 


lished sometime between 1970 and 1976. Since No- - 


vember 1976 he had been hospitalized on several oc- 
casions for treatment of congestive heart failure and 
died in 1980, presumably of congestive heart failure at 
the age of 71. 

Born in 1912, patient IV-15 (Figure 1) had AF per- 
manently established in 1974. In the same year she 
had a stroke, possibly of embolic origin. She recovered 
with mild residual hemiparesis but no serious limita- 
tions of activity. She is being treated with digitalis. 

. In patient IV-14 (Figure 1), born in 1917, AF be- 


. came permanently established around 1972. He is be- 
ing treated with digitalis and metoprolol, and his nor- 
mal activity is not significantly impaired. 


. Patient IV-12 (Figure 1) was born in 1918. In 1974, 


she had an episode of syncope, presumably caused by 


_ bradycardia. Subsequent examination revealed 
. tachycardia-bradycardia syndrome with a slow ectop- 


ic AV junctional rhythm and reciprocating (presum- 


. ably AV nodal reentrant) tachycardia. The patient de- 
. clined the recommendation to undergo an implanta- 
_ tion of a permanent pacemaker. Since about 1975, AF 


. has been permanently established. She is being treat- 


of ed with digitalis and her activity is not seriously limit- 


ed. There have been no recurrences of syncope or 


. presyncopal sensation. 


. In each of the second generation 4 siblings, perma- 


. pent AF became established at ages ranging from 57 to 


67 years. 


_ Third Generation: Patient V-3 (Figure 1), born in 
.1929, has had intermittent AF since 1976, is being 


treated with quinidine and her activity is not restrict- 
ed. 

Patient V-7 in Figure 1, born in 1939, began experi- 
encing palpitations in 1982 and had a single episode of 
syncope, possibly related to treatment with quinidine 


_ (long QT interval after resuscitation). Because of diffi- 
culty managing the tachycardia-bradycardia syn- 


-~ drome, a permanent sequential AV pacemaker was 


* 


_ implanted in 1983. She has occasional paroxysms of 


AF. 


ut her activity is not restricted. 





— Slow ectopic supraventricular rhythm was estab- 


lished in the early childhood of patient V-5 (born in 
- 1947, Figure 1). No palpitations or presyncopal sensa- 


tions have been observed and her activity is normal 
. and unrestricted. 


. Patient V-6 was born in 1954 (Figure 1). Slow AV 


| junctional rhythm and intermittent palpitations have 


been present since adolescence. In July 1981, she died 
suddenly. Two days before her death she was hospital- 
ized for surgical repair of a herniated lumbar disc. 


. ug 1 " í 3 
m vo DOM * 


nis unusual disorder after 27 years and compares the 


RW. å — eZ 
a ^de 7 PIE ee! , 
rivo D Ha, o ZA d 
d y M 
j y ba^ : Tur 
yt ' 


Because of slow heart rate, insertion of a temporary - 
pacemaker was recommended. This recommenda- - 


tion frightened the patient to the extent that she signed 


herself out of the hospital on the day before the sched- 
uled operation. She died on the following day at noon. - 


The family believes that the contributing factor to her 
death might have been valium received 1 day before 
in the hospital (but not after discharge), as well as 
anger and fear generated by the implications of pace- 
maker therapy. No alcohol or drugs were found in her 
blood and urine. Autopsy was not performed. 

Among the third generation members, born in the 
years 1929 to 1954, permanent AF has not been estab- 
lished. In 3 of the 4 members, tachycardia-bradycar- 
dia syndrome was documented and required implan- 
tation of a permanent pacemaker in 1. One member 
died suddenly at the age of 27, apparently in the ab- 
sence of any drug therapy. 

Fourth generation: Figure 1 shows patient VI-4, 
born in 1958. She had AV junctional bradycardia since 
early childhood and paroxysmal AF since age 20, but 
no important restrictions of activity exist. 

Fourth generation family members were not in- 
cluded in the initial report. 

Patient VI-3 (Figure 1) was born in 1961. AV-junc- 
tional bradycardia since early childhood and paroxys- 
mal AF since age 18 have been determined, as well as 
1 episode of presyncopal sensation during treatment 
with quinidine. Because of tachycardia-bradycardia 
syndrome, pacemaker implantation was recommend- 
ed. 

Born in 1971, patient VI-5 (Figure 1) has had slow 


ectopic supraventricular rhythm since early child-. 


hood. Activity is normal and no symptoms are present. 

Figure 1 also shows patient VI-6, born in 1963. 
There is no evidence of an abnormal rhythm. She is 
checked periodically by her father who is a family 
practitioner. The electrocardiogram, reviewed by one 
of us, showed regular rhythm at a rate of 60 beats/ min, 
normal P waves and normal PR interval. 

In3 of the 4 members of the fourth generation, slow 
supraventricular ectopic rhythm has been present 
since early childhood— perhaps since birth—but 1 
member has sinus rhythm. Symptomatic paroxysmal 
AF occurred in 2 and presyncopal sensation in 1 fami- 
ly member. 


The predictions made by Bacos et al! were based on 
the assumptions that this is an autosomal dominant 
disorder with a high degree of penetrance and highly 
reproducible clinical course. Most of their predictions 
have been fulfilled. However, in some of the members 
of the third and fourth generation bradycardia appears 
to be more symptomatic at a younger age than in their 
parents and this has led in some cases to the recom- 
mendation of pacemaker implantation. It is difficult to 
ascertain whether the apparent increase in the sever- 
ity of symptomatic bradycardia is due to a less efficient 
function of the escape pacemakers or other factors, 
such as differences in lifestyle or administration of 
drugs aimed at suppression of palpitations. The estab- 


lishment of chronic AF in the sixth or seventh decade. 
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of life appears to create a smoother course because 
symptomatic bradycardia is no longer present and the 
tachycardia component can be controlled with drugs. 

The 2 events not predicted from the findings of the 
original survey were the sudden (presumably cardiac) 
death of 1 member of the third generation and the 
sparing of 1 member in the fourth generation. Al- 
though the presence of sinus rhythm in this member 
reveals an incomplete penetrance of this autosomal 
dominant disorder, a very strong penetrance still per- 
sists, as evidenced by the presence of fully developed 
syndrome among the remaining members of this gen- 
eration. 

In the absence of autopsy findings and specialized 
electrophysiologic studies, no new light can be shed on- 
the nature of this condition. Congenital absence or 
malfunction of the sinoatrial node appears to be the 
most plausible hypothesis. Electrocardiographic ex-: 
amination revealed a variety of ectopic atrial and AV 
junctional escape rhythms but no significant ventricu- 
lar ectopic activity. Exercise tests, performed in sever- 
al members, have shown that the ectopic rhythms ac- 
celerated to variable degrees in response to exercise. 
This explains the capacity to maintain normal activity 
by all members of the family. The arrhythmias do not 
appear to create serious hemodynamic consequences, 
probably because of the young age of the patients, 
short duration of the paroxysms and ability to control 
ventricular rate with drugs in the presence of both 
paroxysmal and established AF. 

The predominant tachycardiac component of the 
tachycardia-bradycardia syndrome has been paroxys- 
mal fibrillation, but symptomatic AV nodal reciprocat- 
ing tachycardia also was recorded.? A probable embol- 
ic complication occurred only on 1 occasion during the 
early stage of permanent AF. 
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FIBRILLATION DISEASE 
© PAROXYSMAL (9 SUSPECTED 
OR SUSTAINED UNDOCUMENTED 


© BRADYCARDIA 


The most important lesson emerging from this fo - 
low-up appears to be that the substitution of sinus 
rhythm by slower supraventricular escape pacemak- 
ers has a destabilizing effect on cardiac rhythm and 
that the absence of sinus node activity predisposes the 
heart to AF. AF appears early in life but remains par- 
oxysmal for several decades before it becomes perme- 
nently established. The propensity to AF also is ir- 
creased in patients with acquired sinus node disease. 
In 7 studies of such patients, stable AF was present in 
17 to 25% of cases.? 

We found no identical reports of congenital, famil- 
ial disorder of sinus node function of the type presen:- 
ed by this family. However, 2 families with similer 
disorder have been described.* In 1 of these reports 
entitled "Familial sinus node disease," 3 members 
had “heritable” sinus node disease although sinus 
rhythm was not absent in any of these patients. In 
another family with sinus bradycardia, slow sinus ra: e 
with AV junctional escape pacemakers was attributed 
to an increased vagal tone.* 
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of Garland, Texas. 
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Antiarrhythmic Effect of a 5- 
Hydroxytryptamine M-Receptor 
Antagonist, ICS 205-930 


JOEL MORGANROTH, MD 
COLLEEN McGINN, RN 


A selective antagonist for neuronal 5-hydroxytrypta- 
mine receptors on “C” fibers in the vagus nerve and on 
sympathetic nerve terminals in the heart has recently 
been reported by Donatsch et al.! This agent has been 
termed ICS 205-930 (Sandoz) and is a (3a-tropanyl)- 
1H-indole-3-carboxylic acid ester. It has been shown 
to protect rats from cardiac arrhythmias induced by 
noradrenaline in combination with halothane? and 
against ischemic-induced arrhythmias in an anesthe- 
tized rat reperfusion model.’ In vitro studies? also have 
demonstrated that ICS 205-930 reduced the maximum 
rate of increase of phase 0 in Purkinje's fiber action 
potentials of normal sheep, again suggesting a poten- 
tial antiarrhythmic effect for this 5-hydroxytryptamine 
antagonist. This study explores in man the potential for 
ICS 205-930 to reduce benign or potentially lethal ven- 
tricular arrhythmias in a controlled clinical setting. 


_ Fifteen patients with a diagnosis of benign or po- 
tentially lethal ventricular arrhythmias? participated 
in a single-blind placebo baseline controlled protocol 
using dose escalation. Five patients had to complete 
each dose stage before the next group of patients was 
allowed to proceed to the next higher dose level. The 
oral dose stages were 25 mg of 1CS 205-930 given orally 
every 12 hours, 40 mg and 35 mg alternating every 12 
hours, and finally, 50 mg every 12 hours. All patients 
had to demonstrate on a screening 24-hour Holter 
monitor 230 ventricular premature complexes 
(VPCs) per hour. The patients had to be over 18 years 
of age and women were not selected if they had a 
potential for pregnancy. Patients with sinus bradycar- 
dia <50 beats/min, PR-segment interval 2240 ms, 
QRS interval >110 ms or any prolongation of the base- 
line QT; interval were excluded. Those with a history 
of cardiac arrest, sustained ventricular tachycardia 
(VT), sustained VT defined as 212 beats of VPCs ina 
row on the baseline Holter, acute myocardial infarc- 
tion or cardiovascular surgery within the past 3 
months were excluded. Subjects had to be otherwise 
stable and without evidence of electrolyte disturbance 
or prior use of amiodarone, and had to have signed an 
approved informed consent form. 

In those meeting inclusion criteria, a baseline com- 
plete laboratory evaluation, 12-lead electrocardio- 
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gram, history and physical examination were con- 
ducted, and qualifying subjects admitted to an in- 
patient, continuous electrocardiographic monitoring 
facility. Placebo was administered for 5 days and 24- 
hour Holter monitoring was performed on days 4 and 
5. Over the next 5 days, the patients underwent treat- 
ment with ICS 205-930 and had 24-hour Holter re- 
cordings performed on the first and final 2 days of ICS 
205-930 treatment. No patient was allowed to receive 
concomitant antiarrhythmic drugs, drugs augmenting 
adrenergic effects, psychotropic, adrenolytic or anti- 
histaminic agents. All concomitant medications were 
kept stable and the patients underwent complete labo- 
ratory evaluations and electrocardiograms at the con- 
clusion of active dosing. 

Holter monitoring was performed with an Avion- 
ics 445A 2-channel recorder and analyzed by an inde- 
pendent research firm (Cardio Data Systems). Effica- 
cy was defined as a reduction of at least 75% in total 
VPC frequency when comparing the fourth and fifth 
days of active therapy with the baseline period. 

Table I lists the patient demography, frequency of 
ventricular arrhythmias at baseline, percentage re- 
duction of VPCs and beats in the form of nonsustained 
VT and active dose of ICS 205-930 employed. 

Fifteen patients participated; 10 were men with a 
mean age of 65 years. Coronary artery disease was 
diagnosed in 7 patients, systemic hyptertension in 4, 
no structural heart disease in 3 and dilated cardiomy- 
pathy with a left ventricular ejection fraction of 7% in 
1. Mean VPC frequency at baseline ranged from 34 to 
3,326 per hour. 

Only 1 participant, patient 304, had a mean VPC 
reduction of >75% at a dose of ICS 205-930 of 50 mg 
every 12 hours. Eleven subjects had nonsustained VT 
at baseline and 8 (73%) marked reduction of 285% 
over the entire dose range. No patient in this trial had 
an adverse effect during short-term ICS 205-930 ther- 
apy except for patient 102 (when treated as patient 210 
at 40 mg alternating with 35 mg every 12 hours). This 
patient experienced mild dizziness, possibly related to 
the drug. No changes in electrocardiograms, laborato- 
ry parameters or vital signs were detected in patients 
receiving ICS 205-930 when compared to placebo. No 
proarrhythmia or change in QT intervals was noted. 


The results of this study did not show major reduc- 
tions in VPC frequency when ICS 205-930 was given 
orally in a dose range of 25 to 50 mg every 12 hours to 
patients with benign or potentially lethal ventricular 
arrhythmias. Repetitive ventricular arrhythmia forms 
(such as nonsustained VT) were reduced, suggesting 
that ICS has an antiarrhythmic effect on this important 
form of ventricular arrhythmia. ICS 205-930 is approx- 
imately 10 to 20 times more potent than drugs such as 
bepridil when studied in similar models.» The effect of 
ICS 205-930 to reduce the fast inward sodium channe?? 
supports this potential. No marked hemodynamic ef- 
fect was noted in preclinical trials,25 which was also 
confirmed in the present study when 1 patient with a 
7% left ventricular ejection fraction at rest tolerated 
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TABLE! Effect of ICS 205-930 on Ventricular Arrhythmia Frequency in Individual Patients 








Oral Dose Type of Reduction Reduction 
Every 12h Age (yr), Cardiac Mean VPC in VPC Mean VT in VT 

Pt (mg) Sex Disease at Baseline (96) at Baseline (96) 
102 25 65, M Coronary 48 —46 0 — 
103 25 72,M Idiopathic 52 —68 0 — 
104 25 58, M Idiopathic 1,575 —47 0 — 
105 25 54, F Hypertensive 1,440 —66 32 —91 
106 25 56, M Coronary 908 —91 111 —99 
201 40/35 66, M Hypertensive 690 =9 0 — 
210/102* 40/35 65, M Coronary 38 —42 3 — 100 
209/104 40/35 58, M Idiopathic 2,338 —18 3 — 100 
202 40/35 60, M Idiopathic 34 +3231 3 —100 
203 40/35 52, F DC 73 = 17 +100 
204 40/35 78, M Coronary 39 —21 0 — 
205 40/35 80, M Hypertensive 3,326 —55 3,245 —86 
301 50 62, F Hypertensive 351 +28 45 —20 
302 50 71,M Coronary 179 +41 16 —56 
303 50 63, F Coronary 629 —18 0 — 
304 50 64, M Coronary 84 —91 22 —100 
305 50 68, F Coronary 117 —66 16 — 100 
310/201 50 66, M Hypertensive 461 -—-91 0 -50 





* Patient 210 is the same patient as 102; t a “+” number represents the percentage increase in VPC frequency on 


drug versus baseline. 


DC = dilated cardiomyopathy; VPC = mean ventricular premature complexes frequency per hour; VT = total beats 


in the form of nonsustained ventricular tachycardia per day. 


ICS 205-930 at 40 mg alternating with 35 mg every 12 
hours without change in ejection fraction or worsening 
of symptoms. 

It is likely that ICS 205-930 did not demonstrate 
marked antiarrhythmic potency in this study due to an 
insufficient dose of administration. Because no impor- 
tant adverse effects were seen, further studies using 
higher dose ranges should be considered. At the doses 
employed in this study, moderate effects on reduction 
in repetitive ventricular arrhythmias in the form of 
nonsustained VT were clearly demonstrated. 
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Endocardial Catheter Fulguration for 
Treatment of Atrial Flutter 


MICHEL CHAUVIN, MD 
CLAUDE BRECHENMACHER, MD 


boss catheter fulguration is a technique that 
was recently proposed for the treatment of certain car- 
diac arrhythmias. The aim is to destroy or to modify 
electrophysiologic properties of arrhythmogenic areas, 
orto interrupt the His bundle or accessory pathways in 
case of supraventricular tachycardias. There have 
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been few successful attempts to fulgurate right atrial 
automatic focus, in both infants and adults.42 The 
treatment of flutter has not been assessed; we report 
here the 2 first cases. For each patient, we had to de- 
limit very precisely the area of slow conduction, which 
is responsible for the reentry circuit within the atriun. 
The area of human common flutter is very often locat- 
ed in the right atrium, near the opening of the coronary 
sinus.’ This has been confirmed by mapping durirg 
thoracotomy, thereby allowing the treatment of 2 pa- 
tients with flutter by cryosurgical ablation. It is diffi- 
cult, however, to determine by catheter where depo- 
larization begins within the atrium, because of the in- 
cessant movement of the wave front. Nevertheless, 
mappings have demonstrated that there is a short time 
during the flutter cycle (40 to 70 ms) when it is net 
possible to obtain any electrogram or only fragmented 
electrograms can be observed.?^ 

Fragmented electrograms recorded by bipolar elec- 





trodes have been studied by Cosio et al? who found 
them in 13 patients. They were able to demonstrate 
that the fragmented electrograms were included in the 
right atrium loop of flutter, and were probably related 
to a slow conduction area responsible for the reentrant 
circuit. Olshanski et al? also found a double potential 
located in the lower part of the right atrium in 10 pa- 
tients with chronic flutter. They studied this phenome- 
non by transient atrial entrainment and concluded 
that the area where this double potential can be ob- 
served during flutter is a localized reentry with block 
and can be considered a marker of the center of the 
flutter. 


In light of these observations, we attempted fulgu- 
ration in 2 patients with common flutter. A 7Fr quadri- 
polar catheter with a 1-cm interelectrode distance 
was advanced from subclavian punction to the lower 
part of the right atrium. We carefully explored this 
area until we recorded a double bipolar electrogram 
between the 2 distal electrodes. Nevertheless, we 
were not absolutely sure that the distal electrode, gen- 
erally used for the fulguration, was very close to the 
slow conduction area of the reentrant circuit. We 
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FIGURE 1. Patient 1. The fast depolarization of the unipolar atrial 
electrograms coincides exactly with a small step on the descending 
part of the flutter waves in IIl and VF (broken lines). BIPOL = bipolar 
right atrial electrogram; UNIPOL = unipolar right atrial electrogram. 
Note the fragmented bipolar electrograms (*). 






know that the depolarization of this area corresponds 
to a small step on the descending part of flutter waves 
in leads II, III and VF. Therefore, we used the distal 
electrode to obtain a unipolar endocardial electro- 
gram, and moved the catheter so that we recorded 
simultaneously the double potential and a unipolar 
electrogram as close as possible to the step observed on 
the flutter waves. Fulguration was then attempted be- 
tween the distal electrode (cathode) and an external 
paddle (anode) applied to the left lateral chest wall 
(Figures 1 and 2), 

Patient 1 is a 71-year-old man, afflicted with an old 
chronic pneumopathy, and has a history of permanent 
atrial flutter for at least 2 years. Just before fulguration, 
the atrial flutter cycle length was 220 ms, the waves’ 
showed a sawtooth aspect in leads II, III and VF, and 
there was 3:1 atrioventricular block (Figure 1). The 
results of the electrocardiographic examination were 
normal. 

Since the patient's arrhythmias began, many at- 
tempts were made to regularize his atrial rhythm. 
They include administration of amiodarone or flecai- 
nide, right atrial overdriving without success and 
countershocks, which only resulted in a transient atri- 
al fibrillation. Finally, we decided to try a fulguration 
in the lower part of the right atrium, exactly where the 
aforementioned unipolar endocavitary atrial electo- 
gram and the atrial waves of surface electrocardio- 
gram coincided. The amount of energy was 120 J. Si- 
nus rhythm was obtained immediately after the shock. 
No cardiac arrhythmias occurred during several days 
of observation after the fulguration, the cardiac en- 
zymes remained normal and no pericardial effusion 
was observed on echocardiographic examinations. Af- 
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FIGURE 2. Patient 2. Comments and abbreviations as in Figure 1. 
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ter 8 months, the patient remains in sinus rhythm 
without antiarrhythmic drugs. 

Patient 2 is a 67-year-old man with a history of 
recurrent atrial flutter for 1.5 years, without underly- 
ing cardiopathy. Every attack was successfully treated 
with either right atrial overdriving or countershocks. 
Unfortunately, medications including quinidine, ami- 
odarone, acetyl-digitoxin and flecainide were ineffec- 
tive in preventing relapses (a relapse every 2 or 3 
months). The atrial flutter cycle length was 230 ms 
with a typical sawtooth aspect in leads II, III and VF, 
and a 3:1 atrioventricular block (Figure 2). First, we 
tried fulguration in the lower part of the right atrium, 
just under the coronary sinus opening, according to 
the method previously described, and with a 50 J de- 
livery. Sinus rhythm was immediately obtained, but 
the flutter recurred a few days later. We proposed a 
second attempt and decided to deliver 120 J in the 
same location. Once more, sinus rhythm reappeared 
immediately. There were no complications during the 
following days. Propafenone was administered for 
only a few weeks because of supraventricular prema- 
ture beats, but there was no recurrence of flutter and 
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the treatment was stopped. The patient is now free of 
antiarrhythmic medications and remains in sinus 
rhythm after 7 months. 


Further studies are required to test endocardial 
atrial fulguration as a safe and effective technique in 
the treatment of recurrent flutters. We think the 2 casas 
just described suggest a reliable method to approach 
the slow conduction area responsible for the reentrant 
circuit. 
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Propafenone for Paroxysmal Atrial 
Fibrillation 


STEPHEN C. HAMMILL, MD 
DOUGLAS L. WOOD, MD 
BERNARD J. GERSH, MB, ChB, DPhil 
MICHAEL J. OSBORN, MD 
DAVID R. HOLMES, Jr., MD 


P ropafenone is a class 1C antiarrhythmic agent po- 
tentially effective in paroxysmal atrial fibrillation 
(AF). Propafenone's effects upon automaticity and 
conduction in the atrium should decrease the frequen- 
cy of AF. In the event of a recurrence of AF, its effects 
on atrioventricular nodal conduction would tend to 
slow the ventricular response.!-? Previously, we dem- 
onstrated that propafenone was safe and effective for 
treating patients with refractory complex ventricular 
ectopic activity? and paroxysmal supraventricular re- 
entrant tachycardia due to reentry in the atrioventricu- 
lar node or by an accessory atrioventricular pathway.? 
This study reviews our experience with propafenone 
in patients with paroxysmal AF who had long-term 
follow-up for control of their rhythm disturbance. 


There were 47 patients (27 men and 20 women) 
with paroxysmal AF failing to respond to previous 
antiarrhythmic therapy. The mean age was 58 years 
(range 27 to 80). Twenty-eight patients had no signifi- 
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cant cardiovascular disease; valvular heart diseese 
was present in 9 patients, coronary artery disease ir 5, 
systemic hypertension in 2, hypertrophic cardiomy- 
opathy in 2 and dilated cardiomyopathy in 1. During 
AF, symptoms were palpitations (26 patients), weck- 
ness (17), angina (12), light-headedness (11) and near- 
syncope or syncope (17). Patients had paroxysmal AF 
for a mean of 7.9 years (range 1 month to 25 years}, 
experiencing a median of 18 episodes every 6 mon:hs 
(range 1 to 100). Antiarrhythmic drugs (mean 2.2, 
range 0 to 5) had been discontinued because of ineifi- 
cacy or toxicity, although they were not evaluated ina 
protocol fashion. Previous antiarrhythmic drugs were 
B-adrenergic receptor blocking agents (28 patien:s), 
digoxin (24), calcium antagonists (21), quinidine (12], 
procainamide (10), disopyramide (6) and amiodarone 
(4). Two patients continued digoxin therapy in addi- 
tion to treatment with propafenone to achieve ade- 
quate rate control during AF. 

All patients had electrocardiographic documenta- 
tion of AF. After informed consent was signed, adm n- 
istration of all antiarrhythmic drugs was discontinued 
for 4 half-lives before propafenone therapy began. 
The initial dosage of propafenone was 600 mg daily in 
4 divided doses. Patients continued taking this doscge 
unless side effects developed, in which case the doscge 
was decreased to 450 mg daily in 3 divided doses. The 
dosage of propafenone was increased to 900 mg or if 
necessary, 1,200 mg daily in 3 or 4 divided doses in 
patients with recurrent AF. Recurrent episodes of AF 
were documented by a telephone transmitter. Tais 
documentation was required before the dosage of pro- 
pafenone could be increased. 

Statistical analysis was performed with Student 
2-tailed t test for paired data and p «0.05 was accepted 
as the limit of significance. The corrected QT inter- 
val (QTC) was calculated by the following formula: 
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TABLE I. Effect of Propafenone on Electrocardiographic and 
Laboratory Variables - 


AED er ou 
BRIEF REPORTS 


Baseline Propafenone p Value 

Electrocardiogram* 

Sinus rate (beats/min) 63 + 12 66 + 11 NS 

PR (s) 0.16 + 0.03 0.19 + 0.03 0.001 

QRS (s) 0.10 + 0.02 0.11 4X 0.02 0.01 

QTC (s) 0.42 + 0.04 0.44 + 0.05 NS 

JTC (s) 0.33 + 0.04 0.33 + 0.05 NS 
Blood pressure (mm Hg) 

Systolic 134 + 23 132 + 17 NS 

Diastolic 77 X 11 79 18 NS 
Cardiothoracic 0.49 + 0.06 0.50 + 0.05 NS 

ratio on chest 

radiograph 


* Intervals were measured by means of a computer program with a sam- 
pling frequency of 4 ms.? 

JTC = corrected JT interval; NS = not significant; QTC = corrected QT 
interval. ; 


QTC= QT/4/ RR. The corrected JT interval (JTC) was 
calculated as the QTC interval minus the QRS dura- 
tion. 

Propafenone significantly prolonged the PR inter- 
val and QRS duration, but the heart rate and QTC and 
JTC intervals were not affected (Table I). Propafenone 
did not affect laboratory test results, including leuko- 
cyte count, cardiothoracic ratio on the chest radio- 
graph and blood pressure. 

The mean effective daily dose of propafenone in 
the 25 patients who took the drug during long term 
treatment was 726 mg (range 300 to 1,200). The mean 
trough level of propafenone in patients who stopped 
taking the drug because of side effects was 1.63 ug/ml 
(range 0.92 to 2.75), and the level in patients who had 
long-term tolerance and effectiveness of propafenone 
was 0.81 ug/ml (range 0.03 to 3.44) (p = not significant). 

In 17 of the 47 patients (36%), administration of 
propafenone was discontinued because the drug was 
ineffective. In 5 patients, propafenone was considered 
to have increased the frequency of AF. Although pro- 
pafenone was effective in another 5 patients (11%), 
administration was stopped because of side effects of 
nausea (2 patients), dizziness (1), difficulty in concen- 
tration and visual blurring (1) and exacerbation of pre- 
existing sinus node dysfunction (1 patient). 

Successful long-term treatment was achieved in 25 
patients (53%), who had at least a 90% reduction in 
symptomatic episodes of AF. Among them, 17 patients 
showed dramatic results, with complete abolition of 
recurrences. Follow-up in these patients was for a 
mean of 18.6 months (range 9 to 28). Tolerable side 
effects were metallic taste (4 patients), constipation (4), 
nausea (3), light-headedness (2) and hand tremor (1). 
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This study showed that propafenone was effective 
and well tolerated for the control of paroxysmal AF in 
25 patients (53%). Administration of the drug was dis- 
continued because of inefficacy (36%) and side effects 
(11%). The mean effective daily dose was 726 mg. Pa- 
tients who discontinued the drug because of side ef- 
fects had a higher blood level, although the increase 
was not statistically significant. 

The major limitation of this study was the difficulty 
in documenting episodes of AF before and during pro- 
pafenone therapy, including recurrences that may 
have been asymptomatic because of a slower ventricu- 
lar rate due to the propafenone. 

The results of this study are similar to those report- 
ed by other investigators. Kerr et alë evaluated propa- 
fenone for long-term therapy in 18 patients with par- 
oxysmal AF. Propafenone was ineffective in 2 and 
produced side effects in 4. During a mean follow-up of 
7 + 4 months, 11 of the other 12 patients experienced 
no further AF and the frequency was markedly re- 
duced in the remaining patient. The mean daily dose 
was 688 + 296 mg. Coumel et al6 described 17 patients 
with paroxysmal AF. In 9 with vagally dependent AF, 
propafenone was less effective than quinidine or ami- 
odarone, whereas in 8 with adrenergically dependent 
AF, propafenone was more effective than amiodarone 
or 6-adrenergic receptor blocking agents. 

Consistent with our previous findings?^ and those 
of others? propafenone therapy resulted in a prolon- 
gation of the PR interval and QRS duration but had no 
effect on the QTC interval. Propafenone administra- 
tion resulted in a decrease in the total leukocyte count 
in our earlier study? but not in the present one. Admin- 
istration was discontinued because of side effects in 
11% of patients, fewer than the 15% to 30% reported 
previously.?47 
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The anyfingers patch. 
eee" Nitro-Dur II 


that works so readily, any fingers can easily open . 
and apply it...even stiff fingers, clumsy fingers, (nitroglycer in) 


arthritic fingers guided by presbyopic eyes. Transdermal Infusion System 

Test it yourself. To see how easy handling sang 20r 

Nitro-Dur II can be, open one and handle it Easy to era pui*^ 

yourself. Compare it with other patches. ipo Dur H N ^ sg dir 

Compare its thinness, its comfort, its appear- open... Qj (e) . 

ance. Nitro-Dur II clings bulklessly and bulge- apply. ^ * pito- Dor "U pet 

lessly to the skin, so thin that pores and texture T "nt yis 
show through...so discreet about its presence remove. | — — — 
that it's nearly invisible. Handle one and see. oe 


Handling is believing! 


Please see next page for brief summary of prescribing information. 
Copyright © 1988, Key Pharmaceuticals, Inc., Kenilworth, NJ 07033. All rights reserved. 
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Nitro-Dur II 
(nitroglycerin) 


Transdermal Infusion System 





* Easy opening —even for 
arthritic hands. 


* Round-the-clock cling—lies 
flat, holds tight. 


* Hard to notice, easy to wear— 
semitransparent, soft and 
flexible. 


* Push-button removal—just a 
press in the center raises the 
rim for easy lift-off. 


When prescribing Nitro-Dur II, you 
should write your prescription using 
the Roman numeral designation II to 
identify the product. This should be 
followed by the appropriate dosage 
strength in mg/24 hours. Thus, any 
confusion that may arise between 
product names and/or dosage 
strengths prescribed will be avoided. 


BRIEF SUMMARY 


INDICATIONS AND USAGE: This drug product has 
been conditionally approved by the FDA for the 
prevention and treatment of angina pectoris due to 
coronary artery disease. The conditional approval 
reflects a determination that the drug may be market- 
ed while further investigation of its effectiveness is 
undertaken. A final evaluation of the effectiveness of 
the product will be announced by the FDA. 


CONTRAINDICATIONS: Intolerance of organic nitrate 
drugs, marked anemia. 

WARNINGS: The NITRO-DUR II system should be 
used under careful clinical and/or hemodynamic 
monitoring in patients with acute myocardial infarction 
or congestive heart failure. 

In terminating treatment of anginal patients, both the 
dosage and frequency of application must be gradually 
reduced over a period of 4 to 6 weeks in order to pre- 
vent sudden withdrawal reactions, which are charac- 
teristic of all vasodilators in the nitroglycerin class. 
PRECAUTIONS: Symptoms of hypotension, such as 
faintness, weakness or dizziness, particularly orthostat- 
ic hypotension, may be due to overdosage. If during the 
course of treatment these symptoms occur, the dosage 
should be reduced or use of the product discontinued. 
NITRO-DUR II is not intended for use in the treatment 
of acute anginal attacks. For this purpose, occasional 
use of sublingual nitroglycerin may be necessary. 
Pregnancy: Pregnancy Category C. Animal reproduction 
studies have not been conducted with NITRO-DUR II. 
It is also not known whether nitroglycerin can cause 
fetal harm when administered to a pregnant woman or 
can affect reproduction capacity. Nitroglycerin should 
be given to a pregnant woman only if clearly needed. 
Nursing Mothers: It is not known whether nitroglycerin 
is excreted in human milk. Because many drugs are ex- 
creted in human milk, caution should be exercised when 
NITRO-DUR II is administered to a nursing woman. 
ADVERSE REACTIONS: Transient headache is the 
most common side effect, especially when higher 
doses of the drug are administered. Headaches should 
be treated with mild analgesics while continuing 
NITRO-DUR II therapy. If headache persists, the 
NITRO-DUR II dosage should be reduced or use of the 
product discontinued. 

Adverse reactions reported less frequently include 
hypotension, increased heart rate, faintness, flushing, 
dizziness, nausea, vomiting, and dermatitis. Except for 
dermatitis, these symptoms are attributed to the phar- 
macologic effects of nitroglycerin. However, they may 
be symptoms of overdosage. When they persist, the 
NITRO-DUR II dosage should be reduced or use of the 
product discontinued. 

CAUTION: Federal law prohibits dispensing without 
prescription. For complete prescribing information, 
please see package insert. 

EDP #1030150 Revised 0585 

















All transdermal nitroglycerin products are being market- 
ed pending final evaluation of effectiveness by the FDA. 


Copyright © 1987, Key Pharmaceuticals, Inc., 
Kenilworth, NJ 07033. All rights reserved. 
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Now that the benefits of thrombolytic therapy for acute myocardial infarction are evident, what are the practical 
aspects of its use? An international panel of experts at this workshop will consider the timing and safety of adjuvant 
mechanical interventions, the latest results from new clinical trials, and the future directions for reperfusion therapy, 
among other topics. 


The University of Michigan Medical School is accredited by the ACCME to provide continuing medical education 
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SUSTAINED-RELEASE CAPLETS 


CALAN® SR (verapamil HCI) SUSTAINED-RELEASE CAPLETS 240 mg 
BRIEF SUMMARY 


Contraindications: Severe left ventricular dysfunction (see Warnings). hypotension (systolic pressure 
<90 mm Hg) or cardiogenic shock, sick sinus syndrome (if no pacemaker is present), 2nd- or 3rd-degree AV 
block (if no pacemaker is present). 

Warnings: Verapamil should be avoided in patients with severe left ventricular dysfunction (eg. ejection 
fraction 3096) or moderate to severe symptoms of cardiac failure and in patients with significant ventricular 
dysfunction if they are receiving a beta-adrenergic blocker. Contro! milder heart failure with. optimum 
digitalization and/or diuretics before Calan SR is used. Verapamil may occasionally produce a decrease in 
blood pressure below normal levels, which may result in dizziness or symptomatic hypotension. Elevations of 
liver enzymes have been reported. Several cases of hepatocellular injury have been demonstrated to be 
produced by verapamil. Periodic monitoring of liver function in patients on verapamil is prudent. Some 
patients with paroxysmal and/or chronic atrial flutter/fibrillation and an accessory AV pathway (eg. WPW or 
LGL syndromes) have developed an increased antegrade conduction across the accessory pathway bypassing 
the AV node, producing a very rapid ventricular response or ventricular fibrillation after receiving I. V. verapamil 
(or digitalis). The effect of verapamil on AV conduction and the SA node may cause asymptomatic 1st-degree AV 
block and transient bradycardia, sometimes with nodal escape rhythms. PR-interval prolongation is correlated 
with verapamil plasma concentrations especially during initial titration. Higher degrees of AV block are 
infrequent (0.8%). Development of marked 1st-degree block or progression to 2nd- or 3rd-degree block 
requires reduction in dosage or, rarely. discontinuation and institution of appropriate therapy. Sinus bradycar- 
dia, 2nd-degree AV block, sinus arrest, pulmonary edema and/or severe hypotension were seen in some 
critically ill patients with hypertrophic cardiomyopathy who were treated with verapamil 

Precautions: Verapamil should be given cautiously to patients with impaired hepatic function (in severe 
dysfunction use about 30% of the normal dose) or impaired renal function, and patients should be monitored 
for abnormal prolongation of the PR interval or other signs of averdosage. Verapamil may decrease neu- 
romuscular transmission in patients with Duchenne s muscular dystrophy and may prolong recovery from the 
neuromuscular blocking agent vecuronium. It may be necessary to decrease verapamil dosage in patients with 
attenuated neuromuscular transmission. Studies in a small number of patients suggest that concomitant use 
of Calan and oral beta-adrenergic blockers may be beneficial in certain patients with chronic stable angina or 
hypertension. Combined therapy can also have adverse effects on cardiac function; therefore patients should 
be closely monitored. A decrease in metoprolol clearance may occur with concurrent use of verapamil and 
metoprolol. Chronic verapamil treatment increases serum digoxin levels by 50% to 75% during the first week 
of therapy, which can result in digitalis toxicity. The digoxin dose should be reduced when verapamil is gwen 
and the patient reassessed. Verapamil used concomitantly with oral antihypertensive agents will usually Nave 
an additive effect on lowering blood pressure that in some cases may be excessive; therefore patients should be 
monitored appropriately. Disopyramide should not be given within 48 hours before or 24 hours after verapamil 
administration. Until further data are obtained. combined verapamil and quinidine therapy in patients with 
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hypertrophic cardiomyopathy should probably be avoided. since significant hyp 
leveis may increase during verapamil therapy. Clearance of verapamil may be rt 
cimetidine. Concomitant use of verapamil and lithium may result in decreased : 
therapy may increase carbamazepine concentrations during combined ust 
markedly reduce oral verapamil bioavailability. Concomitant use of inhalation a 
nists needs careful titration to avoid excessive cardiovascular depression 

activity of neuromuscular blocking agents (curare-like and depolarizing): dos: 
One study in rats did not suggest a tumorigenic potential, and verapamil was n 
Another study in rats showed no evidence of carcinogenicity. Pregnancy Catego 
well-controlled studies in pregnant women. This drug should be used during 
only if clearly needed. Verapamil is excreted in breast milk; therefore. nursing 
verapamil use. Safety and efficacy in children under 18 have not been establi 
Adverse Reactions—oral verapamil: Constipation (8.4%), dizziness (3.5%) 
(2.5%), edema (2.1%), headache (1.9%), CHF/pulmonary edema (1 B%), fa 
<50/min (1.4%), AV block: total 1°, 2°. 3° (1.3%)/3rd-degree (0.8%). flust 
enzymes have been reported (see Warnings). The following reactions, repor! 
occurred under circumstances where a causal relationship is not certain. 
claudication, myocardial infarction. palpitations, purpura (vasculitis), Synco 
trointestinal distress, gingival hyperplasia. ecchymosis or bruising, cerebri 
equilibrium disorders, insomnia, muscle cramps, paresthesia, psychotic 
nolence, dyspnea, arthralgia, rash, exanthema, hair loss. hyperkeratosis, 
blurred vision. gynecomastia, impotence, increased urination, spotty menst 


— — —— — — — — — — — 
References: 1. Schmieder RE, Messerli FH, Garavaglia GE, 
effects of verapamil in patients with essential hypertensk 
1987;75:1030-1036. 2. Data on file, G.D. Searle & Co. 
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SMOOTH MUSCLE 


By decreasing calcium influx into vascular 


VASCULAR 


smooth muscle cells, CALAN SR monotherapy 
effectively and safely lowers blood pressure 


Dy reducing total peripheral resistance. 


X GNIFICANT REDUCTION IN TOTAL PERIPHERAL 
RESISTANCE' 


Total peripheral resistance (U) 

"iE = 

1.1 
18+ 
0.9 


Baseline 12 weeks 


10; P< .02 
bosage: 240-480 mg/da 


EFFECTIVELY LOWERS BLOOD 
PRESSURE 


CALAN SR provides successful antihyperten 
sive monotherapy for most patients. An 

excellent therapeutic response is seen with 
days, and control is maintained long term. 


LONG-TERM CONTROL DEMONSTRATED? 
(N = 100) 


Mean sitting BP (mm Hg) 
Systolic 
169+ 
16.6 


PIE: 
106 + . 
8.1 9.6 


Diastolic 84.5+ 
—R 


Baseline 12 months 


*P< 05; patients completing study = 75 
Dosage: 240-480 ma/da 





Calan' SR (verapamil HCI): 
Ine benefits go beyond blood 
pressure control 


AN EXCELLENT HEMODYNAMIC PROFILE 


Hypertension is associated with reduced blood 
flow to vital organs and resulting organ 
damage. However, CALAN SR has been found 

to maintain adequate local and systemic blood 
flow, thus helping to protect vital organ function. 


EFFECT ON RENAL AND VISCERAL BLOOD FLOW 


| 
— 
| 
| 


AFTER THREE MONTHS’ THERAPY 





Renal blood flow Visceral blood flow 
N = 10. Before and after differences are not statistically significant. 
Dosage: 240-480 mg/day 


Please see the first page of this advertisement for references and 
a brief summary of the complete prescribing information. 





PRESERVES RENAL PERFUSION HELPS PROTECT CARDIOVASCULAR 
FUNCTION 


CALAN SR maintains renal blood flow, 


glomerular filtration rate, filtration fraction, CALAN SR promotes coronary blood flow: 

as well as other renal functions, while furthermore, CALAN SR has been shown to 
electrolyte balances are rarely disturbed. significantly reduce left ventricular hypertro- 
CALAN SR also significantly reduces renal phy,' thus decreasing the associated risks. 
vascular resistance. 


SIGNIFICANTLY REDUCED RENAL VASCULAR SIGNIFICANT REDUCTION OF LEFT VENTRICULAR 
RESISTANCE' HYPERTROPHY’ 


Renal vascular resistance (U) Left ventricular mass index (g/m?) 


16 100 
t2 £2 


94 
=3 


Baseline 12 weeks Baseline 12 weeks 


N = 10; P<.05 vs. baseline N= 10; P<. .05 vs. baseline 
Dosage: 240-480 mg/day Dosage: 240-480 mg/day 


ONCE-A-DAY 
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| A unique physiologic mechanism of action 
for immediate and long-term benefits 


m Effective and safe monotherapy for most 
hypertensives 


| Maintains blood flow to vital organs, including 
the kidneys and heart 


| Helps preserve renal and cardiac performance 


E Significantly reduces left ventricular hyper- 
trophy and its associated risks 


m Promotes patient compliance with well- 
tolerated, once-a-day therapy* 


* Some patients may require b.i.d. dosing. 


Please see the first page of this advertisement for references and a brief 
summary of the complete prescribing information. 


ONCE-A-DAY 





Rupture of an Aneurysmal Pulmonary 
Trunk 40 Years After Blalock-Taussig 
Anastomosis 


BRYAN C. DONOHUE, MD 
SCOTT W. BINDER, MD 
JOSEPH K. PERLOFF, MD 
JOHN S. CHILD, MD 


T. Blalock-Taussig anastomosis has been in contin- 
uous use for over 4 decades.! Complications resulting 
from large shunts have been uncommon in contrast to 
the Potts procedure in which excessive flow, pulmo- 
nary hypertension and pulmonary vascular disease 
were frequent.’ In The Johns Hopkins report of late 
complications of anastomotic surgery for tetralogy of 
Fallot,’ 1 patient is relevant here. In that patient, Bla- 
lock found unusually large brachiocephalic arteries. 
The right subclavian artery was larger than the right 
pulmonary artery. An end-to-side anastomosis was 
constructed. Ten years later at age 16 years, the patient 
died of a dissecting aneurysm of the pulmonary trunk. 
Pulmonary hypertension was assumed, although a 
continuous murmur was present. Late development of 
pulmonary vascular disease is rare after a Blalock- 
Taussig shunt that uses a normal-sized subclavian ar- 
tery, and fatal rupture of the pulmonary trunk is un- 
known except for the following report. 


Our patient was a 43-year-old man with tetralogy of 
Fallot. In 1946, at age 3 years, he underwent a right 


(000 SCORE Soi 10 SRE Leet S aS ey Sead 
From the Departments of Medicine, Pediatrics and Pathology, 


the Division of Cardiology, and the Adult Congenital Heart Dis- 
ease Program, UCLA Center for the Health Sciences, Los Ange- 
les, California. Manuscript received September 14, 1987; re- 
vised manuscript received October 2, 1987, and accepted Octo- 
ber 5. 


FIGURE 1. Posteroanterior A, and 
left anterior oblique B, chest x 
rays. The right and left pulmonary 
arteries (large arrows, [RPA, 
LPA]), were aneurysmally dilated 
but tapered rapidly. The pulmo- 
nary arterial trunk was not con- 
spicuously border forming (small 
arrows) because the dilatation 
was posteromedial. 
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subclavian-to-pulmonary arterial anastomosis per- 
formed by Blalock at The Johns Hopkins Hospital. 
The patient did well throughout childhood and adoles- 
cence, and entered adulthood with satisfactory exer- 
cise tolerance. At age 36, progressive dyspnea and 
hemoptysis prompted cardiac catheterization. Con- 
trast angiography via the anastomosis revealed aneu- 
rysmal dilatation of the pulmonary trunk and its prox- 
imal branches. The pulmonary arterial systolic pres- 
sure was 70 mm Hg. 

The patient moved to Los Angeles and was re- 
ferred to the UCLA Adult Congenital Heart Disease 
Program. He was symmetrically cyanotic. The left 
branchial arterial pressure was 110/60 mm Hg. The 
right brachial arterial pulse was absent. There was a 
right thoracotomy scar. A grade 3/6 continuous mur- 
mur, louder in systole and extending partially into 
diastole, was present at the right base. The electrocar- 
diogram showed tall, peaked right atrial P waves, right 
axis deviation and right ventricular hypertrophy. The 
chest roentgenogram (Figure 1) revealed large right 
and left pulmonary arteries that tapered rapidly. The 
echocardiogram showed a biventricular aorta and the 
malaligned ventricular septal defect. Angiography via 
the anastomosis disclosed an aneurysmally dilated 
pulmonary trunk arising above a normal trileaflet pul- 
monic valve. Right ventriculography identified atre- 
sia of the ostium of the infundibulum. These data pre- 
cluded intracardiac repair (Table I). 

For the next 5 years, the patient maintained a sta- 
ble blood hematocrit level at or just below 70% with 
remarkably few or no hyperviscosity symptoms. He 
seldom required phlebotomy, worked fulltime, was 
married and had a normal infant son. Shortly after a 
routine follow-up visit, he died suddenly at home. 

At necropsy, the pulmonary trunk and its branches 
were aneurysmally dilated (Figure 2) with atheroscle- 
rotic plaques. The diameter of the pulmonary trunk 
was6 cm, with a0.5 cm rupture in its wall 4 cm distal to 
the pulmonic valve (Figure 2B). Approximately 600 ml 
of blood in the pericardial space had caused tampon- 
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TABLE!  Catheterization Data 
Ascending aorta (mm Hg) 113/70 
Right pulmonary artery (mm Hg) 102/68 
Gradient at anastomosis (mm Hg) 14 
Qp/Qs 1.4 
Pulmonary vascular resistance (Wood units) 8.4 
Systemic vascular resistance (Wood units) 14 





ade. The subclavian to pulmonary arterial connection 
was patent but obstructed at its anastomotic site. T'he 
ostium of the infundibulum was imperforate. 


Only 22 of Taussig's initial 601 survivors developed 
pulmonary hypertension during a 20-year follow-up.* 
Moderate dilatation of the right or left pulmonary ar- 
tery distal to a Blalock-Taussig anastomosis occasion- 


ally occurs without pulmonary hypertension, but an- 


eurysmal dilatation of the pulmonary arterial trunk 
and its branches is in response to pulmonary hyperten- 


FIGURE 2. A, necropsy specimen 
showing the right ventricle (RV), 

' right atrium (RA) and aneurys- 
mally dilated pulmonary arterial 
trunk (PT). Arrows (upper left) 
point to thick-walled hyperten- 
sive small pulmonary arteries. B, 
close-up showing the aneurysmal 
pulmonary trunk (PULM TR) with 
a probe at the site of rupture (ar- 
row). 


sion, as in our patient. Rupture of a hypertensive pul- 
monary trunk is virtually unknown. One example was 
the aforementioned Hopkins patient with a fatal pul- 
monary arterial rupture a decade after an excessively 
large subclavian artery was anastomosed to a pulmo- 
nary artery. In our patient, who was unique, the sub- 
clavian artery was normal-sized at operation, yet he 
developed pulmonary vascular disease, aneurysmal 
dilatation of the pulmonary trunk and its branches 
with fatal rupture 40 years after operation. 


1. Blalock A, Taussig H. The surgical treatment of malformations of the heart 
in which there is pulmonary stenosis or pulmonary atresia. JAMA 1945; 
128:189. 

2. McGahan J, Bogren H, Foerster J, Mason D. Subclavian artery aneurysm: 
unique late complication of Blalock-Taussig anastomosis. Am J] Roentgenol 
1978;130:1181-1183. 

3. Ross R, Taussig H, Evans M. Later hemodynamic complications of anasto- 
motic surgery for treatment of the tetralogy of Fallot. Circulation 1958;18: 553- 
561. 

4. Taussig H, Crocetti A, Eshaghpour E, Keinonen R, Yap K, Bachman D, 
Momberger N, Kirk H. Long-time observations on the Blalock-Taussig opera- 
tion. III. Common complications. Johns Hopkins Med J 1971;129:274-289. 
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Complex of Discrete Subaortic 
Stenosis, Single Coronary Artery 
Arising from a Small Left Aortic 

Sinus, a Rudimentary Low-Seated Left 
Aortic Cusp and a Congenital Aortic 
Regurgitation 


SIMCHA MILO, MD 
NATHAN ROGUIN, MD 
EDWARD G. ABINADER, MD 
ABRAHAM SHEM-TOV, MD 
VLADIMIR BIRJINIUK, MD 


l. the course of surgery for discrete subaortic stenosis, 
we found a hitherto undescribed complex of morpho- 
logic anomalies that tended to coexist. These malfor- 
mations were (1) discrete subaortic stenosis, (2) single 
coronary artery arising from the left aortic sinus, (3) a 
small, almost rudimentary, low-seated left aortic cusp 
and (4) congenital aortic regurgitation. Within a period 
of 8 months, 4 patients (3 male and 1 female), ranging 
in age from 7 to 17 years, were operated on for discrete 
subaortic stenosis and were found to bear this striking 
resemblance to one another in terms of their left ven- 
tricular overflow tract morphology. All 4 patients pre- 
sented with these malformations, and 2 had, in addi- 
tion, patent ductus arteriosus. We define the individu- 
al cardiac anomalies forming this syndrome, with 
reference to the clinical manifestations, possible de- 
velopmental aspects and surgical implications. 


In the syndrome described here, the subvalvular 
aortic stenosis was of the localized, short form, with 
both a fibrous membrane and a submembranous mus- 
cular ridge; the orifice of the single coronary artery 
arose from the left sinus of Valsalva and was displaced 
back into the aortic root. All 4 patients had similar 
aortic valvular and coronary orificial morphology and 
nearly identical configurations of a particularly 
unique aortic valve (Figure 1). This was a tricuspid 
valve in terms of the number of cusps, which at first 
looked very much like a bicuspid valve. The right and 
noncoronary cusps were in the same plane and occu- 
pied approximately 80 to 85% of the circumference of 
the valve, while the left cusp was seated at a lower 
plane and occupied the other 15 to 20% of the circum- 
ference. This smaller cusp was thicker and seemed to 
be less pliable. The single orifice of the coronary sys- 
tem arose from the sinus of this left cusp and was 
therefore situated lower than the normally expected 
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FIGURE 1. The aortic valve from the surgeon's view. The right and 
noncoronary cusps are symmetrical and larger than normal; the left 
cusp is smaller and lower than the other 2. The result is incomplete 
coaptation and valvular regurgitation. The single coronary artery 
arises from the left aortic sinus. 


level. All 4 patients presented with a trivial to mild 
form of valvular aortic regurgitation (grade 1 to 2), 
resulting from the incomplete coaptation of the 3 
asymmetrical cusps. 

In each patient the clinical picture was dominated 
by the discrete subaortic stenosis, which caused a rath- 
er significant obstruction to the left ventricular out- 
flow tract. The low grade of aortic regurgitation ap- 
peared to be of no significance. All 4 patients were 
well developed, had normal facies and were of normal 
intelligence. All are well following their uncomplicat- 
ed surgery. 


A search of published findings failed to disclose 
any other reported cases of discrete subaortic stenosis 
associated with a single coronary artery. However, a 
single coronary artery does seem to appear with other 
conotruncal cardiac malformations, an association that 
is embryologically logical. The co-occurrence of a sin- 
gle coronary artery and a bicuspid aortic valve sug- 
gests that that segment of the aortic wall that includes a 
cusp and a coronary origin either was not developed or 
was absorbed.?-4 

Unlike the trivial to mild forms of valvular aortic 
regurgitation secondary to flow damage to the cusps, 
all 4 patients described had a congenitally malformed 
valve, which by the nature of its configuration could 
not coapt and close satisfactorily, due to the asymmetry 
of the cusps and the position and size of the left cusp. 
Our observation that the cusps, especially the left one, 
are thicker than normal is suggestive of nonphysiologic 
flow patterns and of stresses on the cusps resulting 
from the longstanding subvalvular pathology, namely, 
the discrete subaortic stenosis and the muscular septal 
prominence. 

The natural history of this malformed aortic valve 
and its regurgitation remains unknown. Surgical con- 
siderations if valve replacement is required will cer- 
tainly be a problem and may be a relative contraindi- 
cation, bearing in mind the low origin of the single 
coronary artery and the usually smaller aortic anulus.5 
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-Two of the 4 patients had a patent ductus arteriosus, 


which is a rather commonly associated finding when 
complex congenital malformations are explored but, 
except for its incidence of 50%, there is not enough 
evidence to consider it part of this syndrome. We sug- 
gest that if evidence of a patent ductus arteriosus is 
found during the course of evaluation of a patient with 
discrete subaortic stenosis, one should look further for 
the other malformations forming this morphologic 
complex. 
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Isolated Congenital Right Ventricular 
Diverticulum with Ventricular 
Premature Complexes 


KENJI HAMAOKA, MD, PhD 
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Eu right ventricular (RV) diverticulum is a 
rare disorder in which a localized torus protrudes from 
the RV free wall due to congenital factors. There are 2 
types of diverticula, muscular or fibrous. The lesion 
has been termed muscular or true diverticulum when 
it has a normal muscular structure or when it contracts 
functionally like a normal ventricle. Only 8 cases of 
muscular RV diverticula have been reported.!-9 In all, 
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Case 1 





FIGURE 1. Direct tracings from cineangiograms of representative 
right ventricular diverticula (arrows) in diastole. 


the lesions were associated with other congenital car- 
diac anomalies, and only 1 case presented with ven- 
tricular arrhythmia. We describe 4 patients with mus- 
cular RV diverticula and no associated cardia anoma- 
lies, but with ventricular premature complexes. 


The patients' ages ranged from 5 to 12 years (mean 
8.5). They had been referred to our hospital for further 
examinations for intermittent palpitation and a pre- 
cordial murmur. Only 1 patient (patient 1) had a soft 
systolic ejectional murmur at the left midsternal area. 
None of the chest roentgenograms revealed abnormal 
cardiac silhouette or cardiac enlargement. All electro- 
cardiograms showed monofocal ventricular prema- 
ture complexes, and 1 patient (patient 3) had an inter- 
mittent accelerated idioventricular rhythm. Their 










FIGURE 2. Frequent monofocal ventricular premature beats (accel- 


erated indioventricular rhythm) in patient 3. 
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ventricular premature complexes were estimated to 
occur from the RV anterior wall and the pulmonary 
conus from the QRS patterns of ventricular premature 
complexes. None of the 4 patients had any findings of 
ventricular or atrial overloading on the electrocardio- 
grams. Echocardiography revealed no abnormal find- 
ings in the cardiac anatomy in any of the 4. 

In all 4 patients, cardiac catheterization showed 
normal intracardiac and pulmonary arterial pres- 
sures, and no intracardiac shunt. RV angiography 
showed a diverticulum in the outflow area of the right 
ventricle (Figure 1), which contracted in synchrony 
with the remainder of the right ventricle. From the 
angiographic findings, we judged that the ventricular 
premature complexes in the 4 patients occurred from 
the diverticula of RV outflow tract. Surgical operation 
was performed in patient 3, who had an accelerated 
idioventricular rhythm (Figure 2) that could not be 
controlled by antiarrhythmic drugs. At operation, the 
diverticulum was observed in RV outflow tract. Histo- 
logically, the resected diverticulum had a normal 
muscular structure without any cell infiltration or fi- 
brosis. Postoperatively, patient 3 showed normal regu- 
lar sinus rhythm and no ventricular arrhythmia on the 
electrocardiogram. The 3 other patients had only sim- 
ple ventricular premature complexes; thus, an opera- 
tion was not recommended. We judged that the diver- 
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ticula of these 3 patients were of the muscular type, 
because the patients had normal contractions on angi- 
ography. 


It has recently been noticed that ventricular arryth- 
mias originating in RV outflow tract may be associated 
with some histologic abnormalities or organic heart 
lesions. 

In the 4 patients just described, the lesions were not 
associated with any other intracardiac anomalies. 
Each had complained of intermittent palpitation due 
to ventricular premature complexes or ventricular 
tachycardia related to the diverticula. The diverticula 
may have been an ectopic focus for ventricular prema- 
ture complexes or a reentry circuit. 
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Influence of Sublingual Nitroglycerin 
on Diastolic Transmitral Flow 
Velocities in Normal Subjects 


BYRON F. VANDENBERG, MD 
JOHN A. RUMBERGER, PhD, MD 
RICHARD E. KERBER, MD 


E. Doppler echocardiographic sampling of 
transmitral diastolic flow velocities provides a nonin- 
vasive method for the serial evaluation of left ventric- 
ular diastolic function.! A reduction in the peak early 
filling (E) velocity and an increase in the peak late 
filling (A) velocity suggests reduced compliance of the 
left ventricle.! Similar changes in the velocity-time 
profile occur after the administration of nitroglycerin,? 
since diastolic function may be affected by changes in 
loading conditions? independent of intrinsic myocar- 
dial relaxation abnormalities. Our purpose was to 
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identify, in normal subjects, Doppler echocardio- 
graphic parameters of diastolic function that are not 
affected by preload reduction with sublingual nitro- 
glycerin. 


We performed pulsed Doppler echocardiography 
in 9 healthy volunteers (mean age 27 years, range 24 to 
29) with an American Technology Laboratory ultra- 
sonoscope (3.0-MHz transducer). Sampling of trans- 
mitral flow velocities was obtained by placing the 
Doppler gate at the level of the mitral anulus from the 
apical 4-chamber view of the left ventricle. The trans- 
mitral velocity-time profiles were recorded at a paper 
speed of 100 mm/s. Sublingual nitroglycerin, 0.4 mg, 
was administered and the recordings were repeated 
after 3 to 5 minutes if heart rate increased by at least 
10% from baseline. If heart rate did not increase by 
10% above baseline (suggesting insignificant preload 
reduction), an additional 0.2 mg sublingual nitroglyc- 
erin was given. Thus heart rate, rather than systemic 
arterial pressure, was used to demonstrate the phar- 
macologic effect of nitroglycerin. E velocity, time 
from baseline to E velocity (acceleration time), time 
from E velocity to baseline (deceleration time), the E 
velocity-time integral (area under the E velocity-time 
profile), the A velocity and the E/A velocity ratio were 
averaged from 5 beats. The recordings were coded 
and measurements were made without knowledge of 
whether they were obtained at baseline or after sub- 
lingual nitroglycerin administration. 

Data are expressed as mean + standard deviation. 
Comparisons of measurements between control and 
nitroglycerin administration were performed with a 
paired t test; p <0.05 was considered significant. 








TABLE! Changes in Doppler Measurements After Administration 
of Nitroglycerin 
Baseline Nitroglycerin p Value 
E velocity (cm/s) 68 + 10 61+ 10 «0.05 
Acceleration time (ms) 93 «8 103 + 14 <0.05 
Deceleration time (ms) 115 + 20 140 + 18 <0.05 
E velocity-time integral 71+ 13 74+ 13 NS 
A velocity (cm/s) 36+ 8 3946 NS 
E/A velocity ratio 1.96 + 0.34 1.61 + 0.28 <0.05 
Heart rate (beats/min) 59 4-6 66 47 «0.05 


NS = difference not significant. 


The E velocity decreased (from 68 + 10 to 61 + 10 
ms), the acceleration time increased (from 93 + 8 to 


- 103 + 14 ms), the deceleration time increased (115 + 20 


— to 140 + 18 ms) and the E/A velocity ratio decreased 


(1.96 + 0.34 to 1.61 + 0.28) (Table I). There were no 


i 


significant changes in the A velocity or the E velocity- 
time integral. Heart rate increased from 59 + 6 to 66 + 
7 beats/ min. 


Thus, sublingual nitroglycerin produced a decrease 
in the E velocity and the E/A velocity ratio. These 


findings are consistent with previous pulsed Doppler 


echocardiographic studies evaluating the effect of pre- 
load reduction, achieved by other means, on trans- 
mitral flow velocities.2° When Choong et al? adminis- 
tered intravenous nitroglycerin to patients with ische- 
mic heart disease, filling pressure, E velocity and E/A 
velocity ratio decreased. Leeman et al? demonstrated a 
decrease in the E/A ratio when healthy subjects un- 
derwent upright tilt. 

_ We and others? demonstrated that nitroglycerin 
produced an increase in the time to peak filling despite 
an increase in heart rate. In addition, nitroglycerin 
increased the deceleration time. Despite the decrease 
in early filling velocity and prolongation of early fill- 
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ing time with sublingual nitroglycerin, there was not a 
significant change in the E velocity-time integral and 
the A velocity. Assuming that the mitral anular area 
(the site of pulsed Doppler sampling) remained stable, 
the lack of change in the E velocity-time integral and A 
velocity suggests that the stroke volume remained un- 
changed in our subjects, a finding consistent with the 
expected pharmacologic response. 

We measured heart rate, instead of blood pressure, 
to assess preload reduction. Because our study was 
conducted only in normal subjects, they should mani- 
fest the normal reflex increase in heart rate in re- 
sponse to sublingual nitroglycerin. 

Diastolic function is affected by the interaction of 
loading conditions and myocardial relaxation.’ A clin- 
ically useful evaluation of diastolic function should 
assess myocardial relaxation and not change with al- 
tered loading conditions. The changes in E velocity, 
E/A ratio, acceleration time and deceleration time af- 
ter nitroglycerin also are observed in patients with 
diastolic dysfunction due to left ventricular hypertro- 
phy.! Because the E velocity-time integral was not af- 
fected by preload reduction, it may provide a more 
specific method for the serial evaluation of myocardial 
relaxation. 
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Diurnal Variations of QT Interval 
After Cardiac Transplantation 
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r d. QT interval decreases with increasing heart rate 


(HR) induced either by exercise or atrial pacing. 
Autonomic innervation appears to have a direct influ- 
ence on the QT interval independent of the effect on 
HR, as the QT interval shortens after autonomic block- 
ade during atrial pacing.?^ The denervated transplant- 
ed heart offers a unique model for further clarifying 
QT changes in the absence of autonomic innervation. 


In a previous study of the QT variations in cardiac 
transplants, the Bazett formula was used to correct for 
HR. This application may be misleading after inter- 
ventions with influence on both the QT interval and 
the HR.3 Browne et al? have described a direct method 
for QT comparison under states of different autonomic 
tone and reported QT prolongation during sleep in 
normal subjects independent of HR change. This 
study defines the diurnal variation of the QT interval 
in the denervated transplanted human heart without 
the use of correcting formulas, compares directly the 
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TABLE! Clinical Characteristics of the Patients with Cardiac Transplantation (n — 9) 
Age (yrs) 4 98x. Interval since 
Underlying Operation 
Pt R D R D Pathology (mos) Drugs 
1 28 18 M M Trauma 6 As,Cy,Di,Diu,Im 
2 40 23 M M IDC 15 As,Cy,Di,Im 
3 44 20 M F CAD 31 As,Di,Diu,Im,Pr 
4 47 18 M M CAD 24 As,Cy,Di,Diu,Im,Pr 
5 48 32 M M IDC 24 Cy,Pr 
6 51 21 M F CAD 24 As,Di,Diu,Im,Pr 
7 50 18 M M CAD 42 As,Di,Im,Pr 
8 53 35 M M CAD 12 As,Cy,Di,Pr 
9 53 35 M M CAD 12 As,Di,Diu,H,Im,Pr 
Mean 46 24 21 
SD 8 7 11 
— IM EE EB RN RE E E E RR E EE E QN IER 
AS 7 aspirin; CAD — coronary artery disease; Cy = cyclosporine; D = donor; Di = dipyridamole; Diu = diuretics; H 
= hydralazine; IDC = idiopathic dilated Cardiomyopathy; Im = imuran; Pr = prednisolone; R = recipient; SD = 
standard deviation. 
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FIGURE 1. QT/RR linear regression lines in a patient after cardiac 
transplantation. Solid line indicates awake state. Dashed line indi- 
cates asleep state. The RR overlap is indicated by a double-ended 
arrow. 
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FIGURE 2. QT/RR regression lines comparison in normal subjects 
while awake (solid line), QT = 0.19RR + 249 and while asleep 
(dashed line), QT = 0.22RR + 237. Fora given RR the QT is longer 
during sleep than while awake. 


FIGURE 3. QT/RR regression lines comparison in transplant pa- 
tients while awake (solid line), QT = 0.26RR + 192 and while 
asleep (dashed line), QT = 0.22RR + 215. Fora given RR the QT is 
similar between awake and asleep states. 
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FIGURE 4. QT/RR linear regressions comparison for the whole 24- 
hour period. Solid line indicates cardiac transplant patients; QT = 
0.24RR + 201. Dashed line indicates normal subjects; QT = 0.25RR 
+ 209. Note that the transplant patients have a shorter QT interval 
compared with normal subjects at equivalent RR intervals. 
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QT interval of the denervated heart with the normal 


heart during similar activity and assesses if factors oth- 


er than HR and autonomic innervation influence diur- 
nal changes in QT interval. 


Twenty-four-hour ambulatory electrocardio- 
graphic recordings of modified leads V; and V4 (using 
Oxford Medilog II recorders) were obtained in 9 pa- 


tients who had undergone orthotopic cardiac trans- 
plantation. All patients were asymptomatic, well-mo- 


bilized, had normal physical activity and no evidence 


of active rejection on cardiac biopsy. Their clinical 


characteristics are listed in Table I; no patient was 
receiving drugs known to affect the QT interval. Ten 
healthy volunteers (5 male, 5 female) served as the 


control group. All were asymptomatic, with no abnor- 


malities on physical examination and normal resting 
electrocardiogram. Their mean age was 38 years 
(range 25 to 57). All subjects recorded their symptoms, 


physical activities and the time of sleeping and waking 


up on 24-hour diaries. 

The QT and RR intervals were measured by the 
method described by Browne et al? Briefly, electro- 
cardiographic tracings of 8 seconds duration were 
printed out at a paper speed of 25 mm/s every 60 


600 
500 
Y —— 
Ë 400 Da 
‘ah 
O 300 
200 
t, 
250 500 750 1000 1250 1500 
RR (msec) 


FIGURE 5. QT/RR regression lines in normal subjects ( dashed line), 
QT = 0.20RR + 255 and in transplant patients (solid line), QT = 
0.29RR + 162 while asleep. For a given RR the QT is shorter in 
transplant patients than in normal subjects. 


TABLE I| Mean RR and QT Intervals in Subjects Who Demonstrated an Overlapping RR Interval During the Awake and Asleep Periods 
Normal Subjects Transplant Patients 
RR RR QT RR RF. QT 
No. Overlap Awake Asleep Awake Asleep No. Overlap Awake Asleep Awake Asleep 

1 970-1,135 1,039 1,054 424 440 1 625-700 670 657 378 377 
2 870-980 949 939 444 469 2 725-835 796 776 329 323 
3 760-900 827 825 390 425 3 780-815 797 797 396 423 
4 875-980 918 941 450 477 4 640-700 667 665 398 396 
5 1,155-1,250 1,201 1,202 474 520 5 550-575 569 560 321 312 
6 900-1,000 954 947 433 445 
7 640-655 645 651 369 356 
| Mean 987 992 436 466 728 722 375 376 
SD 142 143 31 37 129 128 40 49 


minutes and classified into 2 groups according to 
whether the patient was asleep or awake. Tracings 
obtained 45 minutes before and after the recorded 
sleeping and waking up times were considered transi- 
tional and were not classified into either category. QT 
and RR intervals were analyzed in at least 5 consecu- 
tive QRS complexes in each tracing from the channel 
where the T wave was most clearly defined. The dura- 
tion of the QT interval was measured from the begin- 
ning of the QRS to the end of the T wave defined as the 
point where the tangent to the steepest part of the 
descending limb of the T wave intersected the isoelec- 
tric line. A graph bar (GP-7) sonic digitizer was used 
for these measurements and the data were stored ina 
Data General Nova-4 computer. If a single QT or RR 
measurement varied >10% from the mean for each 
tracing, the deviant QT and RR pair was deleted; the 
mean values of the remaining QTs and RRs were 
logged and used for further analysis. 

A formula to correct the QT interval for HR 
changes was not used in this study. In order to identify 
equivalent RR intervals during the awake and asleep 
states for each patient, we plotted regression lines be- 
tween the QT and RR intervals (Figure 1). An over- 
lapped RR range was defined and limited so that the 
mean awake and asleep RR intervals were similar. 
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FIGURE 6. QT/RR regression lines in normal subjects (dashed line), 
QT = 0.24RR + 214 and in transplant patients (solid line), QT = 
0.24RR + 204 while awake. 
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We then compared the QT intervals between the 2 
states directly, without any correction. The limited 
range of overlap in individual patients did not allow 
comparison of linear regression lines. After pooling all 
the data, comparison of the regression lines between 
awake and asleep states was performed for each 
group. Intergroup (transplant patients vs normal sub- 
jects) comparisons of regression lines were also per- 
formed for the 24 hours as a whole, asleep state and 
awake state separately. 

Data are expressed as mean + 1 standard devi- 
ation. Student paired or unpaired t tests were used for 
statistical analysis as appropriate. Comparisons of the 
regression lines were performed using residual mean 
squares test. Analysis of covariance was used to com- 
pare the intercepts of parallel regression lines. 

In 7 patients with cardiac transplantation and 5 
normal subjects an RR overlap while awake and 
asleep was identified. The normal volunteers were 
younger (37 + 6 years) than the transplant patients (50 
i 4 years, p «0.005), but older than the respective 
donors (26 + 8 years, p <0.02). 

The RR and QT data for each subject for the 2 states 
(awake or asleep) in both groups are listed in Table II. 
In the control group, over a similar RR, the QT inter- 
val was significantly longer during sleep compared 
with while awake (p «0.005). However, in the trans- 
plant group over a similar RR, the awake and asleep 
QT intervals were similar even though small differ- 
ences were present in individual patients. Linear re- 
gression analysis revealed similarly a significant dif- 
ference in the QT between awake and asleep states in 
normal subjects (p «0.001) but there was no difference 
in cardiac transplant patients (Figures 2 and 3). 

Comparison of the regression lines of all the mea- 
sured QT-RR pairs over the entire 24 hours showed 
parallel QT-RR lines between normal subjects and 
transplant patients but with a significant vertical dif- 
ference (p «0.001) (Figure 4). After correction for ac- 
tivity, a similar difference for the asleep state was 
found (p «0.05) (Figure 5). During waking, the differ- 
ence, although directionally similar (Figure 6), was not 
significant. 


We have found that during ambulatory monitoring 
the QT interval is shorter in cardiac transplant patients 
than in normal volunteers. The usual vagal dominance 
at rest prolongs the QT and consequently denervation 
associated with cardiac transplantation may lead to a 
shortened resting QT interval. This difference is more 
pronounced during sleep where the absence of the 
normally expected increase in vagal activity or de- 
crease of the sympathetic tone, or both, cause a signifi- 


cant difference in the QT between transplant patients 
and normal subjects. 

The QT interval was prolonged during sleep in the 
innervated hearts when the data were considered in- 
dividually or as a group. The vagal dominance during 
sleep may be responsible for both QT prolongation 
and lower HR. Similar QT prolongation during sleep 
has been reported by Browne et al. Following heart 
transplantation, a rather constant QT interval was 
found during the 24-hour period studied. However, 
minor variations of the QT interval were still present 
in individual patients. In the absence of nerve supply, 
circulating hormones like catecholamines and local 
factors like changes in potassium, calcium and pH may 
predominantly affect the QT interval. After cardiac 
denervation there is an increase in the density of the 8 
receptors,’ leading to increased sensitivity of the heart 
to circulating catecholamines.? Diurnal variations in 
the levels of circulating catecholamines may be re- 
sponsible for the small changes in QT interval during 
the awake and asleep states (Table II). 

Similar results to our study were reported by Bex- 
ton et al? for the normalized QT interval, corrected 
with the Bazett formula. However, the use of this for- 
mula may be invalid in conditions where the autonom- 
ic tone varies.? In our study, we eliminated the need 
for QT correction by comparing its changes directly 
over a similar RR range. 

In the present study the assumption of a linear rela- 
tion between QT and RR intervals was made. Al- 
though an exponential formula has been proposed as 
more appropriate,!? the QT/RR relation deviation 
from linearity (for the RR range encountered in the 
present study between 500 and 1,150 ms) is minimal. 
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Successful Percutaneous Transluminal 
Angioplasty of an Obstructed 
Abdominal Aorta Secondary to a 
Chronic Dissection 
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Pus reports have demonstrated the effective- 
ness of percutaneous transluminal angioplasty in 





treating patients with an obstructed abdominal aorta 
secondary to atherosclerosis,! coarctation? and other 
conditions. In the present report, we describe a suc- 
cessful dilatation of an obstructed distal aorta secon- 
dary to a "healed" aortic dissection. 


A 66-year-old woman with previous myocardial in- 
farction and coronary artery bypass surgery present- 
ed with exertional dyspnea, chest discomfort and pro- 
gressive weakness of both upper legs, 27 months after 
the diagnosis of aortic dissection (DeBakey type I).? 
The patient was unable to exercise beyond 1.5 minutes 
during an exercise stress test (Naughton protocol) be- 
cause of lower leg weakness. We elected to perform 
catheterization to reassess the severity of the obstruc- 


FIGURE 1. Top left, forceful hand- 
injection of contrast through an 
8Fr guiding catheter positioned at 
the distal aortic bifurcation. The 
catheter has been passed over a 
0.035-inch floppy-tipped guide- 
wire in the false channel of the 
extensively dissected abdominal 
aorta. Top right, forceful hand-in- 
jection through the 8Fr guide 
catheter with guidewire replaced 
by a 0.035-inch Wholey steerable 
guidewire which has been direct- 
ed through the remaining true lu- 
men of the dissected aorta. Bot- 
tom left, one of several balloon 
inflations performed slightly be- 
low the origin of the renal arte- 
ries. Bottom right, postdilatation 
aortography with the 8Fr pigtail 
catheter positioned well above 
the origin of the renal arteries, 
showing restoration of distal flow 
and runoff into the distal abdomi- 
nal aorta and iliac arteries. 
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tion. Before the procedure, the patient received aspi- 
rin and dipyridamole, and in the laboratory, 5,000 U of 
intravenous heparin. Using standard percutaneous 
technique, a 9Fr Cordis sheath was introduced into the 
right femoral artery. The right femoral pressure was 
80/50 mm Hg. An 8Fr coronary angioplasty guiding 
catheter over a 0.035-inch floppy-tipped guidewire 
was directed to the distal abdominal aorta. A forceful 
hand-injection of contrast through the guide catheter 
demonstrated its position within the false channel of 
the dissected abdominal aorta (Figure 1, top left). Us- 
ing a steerable 0.035-inch Wholey guidewire (Ad- 
vanced Cardiovascular Systems), the guide catheter 
was redirected into the true lumen of the distal ab- 
dominal aorta. This position was confirmed by a re- 
peat hand-injection of contrast (Figure 1, top right). 
The guide catheter was successfully advanced 
within the true lumen of the distal abdominal aorta 
into the upper descending thoracic aorta. The central 
aortic pressure was 110/54 mm Hg. Ventriculography 
demonstrated the left ventricle to be dilated with 
moderate impairment of systolic function. Coronary 
angiography revealed moderate obstructive disease in 
the right coronary artery, total occlusion of the mid- 
left anterior descending coronary artery and a widely 
patent saphenous vein graft to the right coronary ar- 
tery. Despite several attempts, we were unable to suc- 
cessfully cannulate the saphenous vein graft to the left 
anterior descending artery. However, the aortic root 
injection demonstrated wide patency of this graft. An 
8Fr pigtail catheter was then advanced over a long 
0.035-inch exchange wire to the aortic root and ma- 
nipulated into the true lumen for injection of 60 ml of 
contrast at 20 ml/s. The aortogram demonstrated se- 
vere aortic valvular regurgitation, an intimal tear ap- 
proximately 2 cm cephalad to the aortic valve and a 
large saccular aneurysm of the ascending aorta. AI- 
though the false channel extended well around the 
arch, it did not involve the brachiocephalic vessels. 
Contrast material flow continued into the upper de- 
scending thoracic aorta with slow distal runoff. The 
pigtail catheter was then withdrawn into the abdomi- 
nal aorta, and a second injection of 40 ml of contrast 
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was performed. This demonstrated the hepatic and 
celiac vessels to be intact. Although the left renal ar- 
tery was well visualized and appeared widely patent, 
the right renal artery was not evident. Both renal arte- 
ries and the mesenteric arteries appeared to originate 
from the false lumen. This total obstruction of distal 
antegrade flow was presumably caused by the pres- 
ence of the catheter in the severely narrowed abdomi- 
nal aorta. 

Using a long 0.035-inch exchange wire, the 9Fr 
Cordis sheath was removed and a 4-cm long X 12-mm 
long balloon (Meditech) was advanced over the wire 
into the distal aorta and to the chronically occluded 
segment. Subsequently, we performed 5 to 6 overlap- 
ping inflations by hand to full balloon expansion in a 
10-cm segment of narrowed distal aorta (Figure 1, bot- 
tom left). The balloon catheter was then removed over 
the exchange wire, and the 8Fr pigtail catheter ad- 
vanced to the high abdominal aorta for a final injec- 
tion of contrast with 40 ml of Hexabrix at 20 ml/s. This 
demonstrated a marked restoration of apparent true 
luminal patency, with opacification of the distal aorta 
and clear visudlization of both femoral arteries (Figure 
1, bottom right). Postdilatation hemodynamic mea- 
surements revealed disappearance of the previous 30 
mm Hg femoral artery-central aorta peak systolic 
pressure gradient. 


This patient'S predominant symptom was exer- 
tional lower extremity weakness that had become in- 
capacitating. The possibility of surgery with creation of 
axillo-femoral grafts had been discussed. However, 2 
surgical teams declined to perform this procedure be- 
cause of the high inherent risk in this patient. Percuta- 
neous transluminal angioplasty of the obstructed distal 
aorta abolished the stenosis both angiographically and 
hemodynamically, and resulted in marked clinical im- 
provement. Three days after this procedure, the pa- 
tient's exercise capacity had more than doubled. One 
year after this procedure, the patient continues to do 
well and has no lower extremity weakness. 
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Detection of Thromboembolus of the 
Right Pulmonary Artery by 
Transesophageal Two-Dimensional 
Echocardiography 
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3 diagnostic procedures in patients with 
suspected pulmonary artery embolism are ventilation- 
perfusion lung scan and pulmonary artery angiogra- 
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FIGURE 1. Two-dimensional transthoracic echocardiographic im- 
age from the suprasternal approach, demonstrating an enlarged 
right pulmonary artery with an inserted Swan-Ganz catheter. A 
thromboembolus cannot be seen. 





phy. Some indirect signs can be detected by echocar- 
diography.!-? Direct visualization of pulmonary embo- 
lism has been described previously.^? Transthoracic 
echocardiography is of limited value in approximately 
20 to 30% of patients because of thorax deformity, 
adiposity, lung emphysema or mechanical ventilation. 
Using transesophageal 2-dimensional echocardiogra- 
phy, assessment is possible in these patients with high 
resolution. 


A 51-year-old man had chest discomfort and dys- 
pnea (New York Heart Association functional class 
III). When the patient was admitted, blood pressure 
was 130/90 mm Hg, heart rate was 103 beats/min and 
temperature was in normal range, while the pulmo- 
nary artery pressure was 107/42 mm Hg. The fingers 
were clubbed, the heart enlarged, a grade 3/6 systolic 
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FIGURE 2. Two-dimensional transesophageal echocardiographic 
image of the right pulmonary artery. A thromboembolus positioned 
beside a Swan-Ganz catheter is seen. Ao — aorta; PA — pulmonary 
artery; VCS — vena cava superior. 
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murmur consistent with tricuspid regurgitation was 
heard and the jugular veins were distended. A room 
air arterial blood gas examination yielded a pO; of 43 
mm Hg and a pCO; of 27 mm Hg. The electrocardio- 
gram showed atrial fluttering with 2:1 conduction, a 
complete right bundle branch block and repolariza- 
tion abnormalities. The chest x-ray revealed enlarge- 
ment of right auricle and ventricle, signs of pulmonary 
artery hypertension and infarctpneumonic infiltra- 
tion of the right middle lobe. 

Two-dimensional transthoracic echocardiography 
was performed with a Diasonics 6400R and a 2.25- 
MHz transducer from the suprasternal approach us- 
ing standard technique. With the patient supine, a con- 
siderably dilated right atrium was revealed, including 
spontaneous echocardiographic contrast. The right 
ventricle was also dilated and the ventricular septum 
showed a paradoxical motion pattern. The pulmonary 
artery containing the Swan-Ganz catheter was en- 
larged (14 mm/m?, normal maximal range in our labo- 
ratory is 11 mm/n»?) (Figure 1). 

Two-dimensional transesophageal echocardiogra- 
phy (Diasonics 6400R) was performed with a 3.5-MHz 
transducer and a 12-mm flexible echoscope. We were 
able to demonstrate both a fluctuating, well-defined 
mass within the proximal right pulmonary artery con- 
sistent with an in situ pulmonary thromboembolus and 
the pulmonary artery catheter (Figure 2). 

The technetium-99m perfusion scan revealed mul- 
tiple deficits consistent with a perfusion disorder of 
the right lung. Pulmonary artery angiography re- 
vealed a filling defect in the right pulmonary artery 
(Figure 3). 


This case report demonstrates the high value of 
transesophageal echocardiography in comparison 
with the transthoracic approach in examining pulmo- 
nary artery disease. The diagnostic application of this 
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FIGURE 3. Angiographic image of the right pulmonary artery. 
Thromboembolus inside the proximal right pulmonary artery. 


echocardiographic method can be extended beyond its - 


use in diagnosis of endocarditis, valve diseases, coro- 
nary artery disease and intracardiac thrombi. 
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Importance of Adjusting Left 
Ventricular Diastolic Peak Filling Rate 
for Heart Rate 


RAGNAR DANIELSEN, MD 
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R ecently, the importance of left ventricular (LV) dia- 
stolic function for cardiac performance in various dis- 
eases has been reported in studies using both digitized 
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M-mode echocardiography!? and radionuclide ven- 
triculography.? However, the potential influence of 
physiologic factors, including heart rate (HR), load- 
ing conditions and LV systolic function, on diastolic 
function variables is currently debated.4-9 Although 
Bianco et al? found the LV peak diastolic filling rate to 
be positively related to HR when subjects were stud- 
ied at rest,? others found contrary results.^9 Atrial pac- 
ing’ and exercise studies? do suggest such an associa- 
tion. Further, a positive relation between LV systolic 
function and diastolic relaxation has both been report- 
ed*? and refuted.® In addition, both preload and after- 
load may influence LV diastolic properties? We used 


digitized M-mode echocardiography to evaluate the 


changes in peak diastolic filling rate during moderate 
exercise in normal subjects and the physiologic factors 
influencing it. 


Study design: Ten healthy male volunteers whose 
age ranged from 22 to 36 years (27 + 5, mean + stan- 
dard deviation) gave their informed consent to partici- 
pate in the study. At clinical examination, including 
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TABLE! Cardiac Response During Moderate Semisupine Exercise in Normal Subjects 





HR SBP PFR/EDD PSR/EDD FS 
(beats/min) (mm Hg) (s^!) (s^!) (%) 
) Rest 68 + 8* 122 + 6* 4.0 1 0.7** 2.5 + 0.3* 37 + 5* 
) 50 watts 94 t 11! 135 + 55 4.9 0.7" 2.8 + 0.411 42 + 35 
100 watts 107 + 10# 147 + 11: 5.1 + 0.7* 3.2 + 0.3! 45 + 4H 
ANOVA 
F ratio 42.70 25.60 6.20 11.95 10.26 
p value «0.001 «0.001 «0.01 «0.001 «0.001 


ANOVA = analysis of variance; EDD = end-diastolic dimension; FS = fractional shortening; HR = heart rate; PFR = peak filling rate; PSR = peak shortening 


rate; SBP = systolic blood pressure. 


Newman-Keuls multiple comparison: *p < 0.001 for rest vs 100 watts; ! p < 0.001 for rest vs 50 watts; t p < 0.01 for 50 vs 100 watts; 5 p «0.01 for rest vs 50 
watts; '' p < 0.01 for rest vs 100 watts; !! p < 0.05 for rest vs 50 watts; t} difference not significant for 50 vs 100 watts. 
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B EXERCISE: HEART RATE - 107 beats/min, PFR/EDD - 5.6 sec" 
FIGURE 1. Computer outprint of a digitized echocardiogram show- 
ing the endocardial outlines, an instantaneous plot of the left ven- 
tricular internal dimension (LVID) and its rate of change. A, normal 
subject at rest and B, during exercise. The vertical line denotes the 
minimal cavity dimension. EDD — end-diastolic dimension; IVS — 
interventricular septum; PFR — peak filling rate; PSR — peak short- 
ening rate; PW = posterior wall. 
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routine 2-dimensional and M-mode echocardiogra- 
phy, their cardiopulmonary status was normal. All 
were normotensive («140/90 mm Hg), and none had 
diseases known to affect the heart or abused alcohol, 
smoked heavily or participated actively in sports. 


. An electrically braked bicycle ergometer was used 
by the subjects in a semisupine position with a 20° 
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trunk elevation. Initial workload was 50 watts with 
subsequent increase to 100 watts in 3-minute stages. 
M-mode echocardiograms were obtained with an 
IREX Meridian sector scanner with a 3-MHz hand- 
held transducer at the left sternal border. They were 
recorded at a paper speed of 50 to 75 mm/s with a 
simultaneous electrocardiographic lead, at rest and 
during the last 30 seconds of each exercise step, with 
the subject's feet on the ergometer pedals at all times. 
Blood pressure was measured simultaneously by cuff 
sphygmomanometry. 

Continuous lead echoes from the left border of the 
ventricular septum and the posterior wall endocardi- 
um at the chordae tendineae level were traced man- 
ually throughout the heart cycle on a Hewlett Packard 
9872 C digitizing table. This tracing was processed by a 
Hewlett Packard 9000/217 computer to an instanta- 
neous plot of the LV dimension. Peak shortening rate 
was derived as the maximal negative first derivative 
(—dD/dt) of this plot in systole and peak filling rate as 
the maximal positive first derivative (dD/dt) in dias- 
tole (Figure 1).? Both these variables were normalized 
for LV size by division with the end-diastolic dimen- 
sion. The computer defined the LV end-diastolic di- 
mension at the onset of the QRS complex in the elec- 
trocardiogram and the end-systolic dimension as the 
minimal LV diameter. Fractional shortening was cal- 
culated as (end-diastolic dimension) — (end-systolic 
dimension)/(end-diastolic dimension) X 100%. Mea- 
surements, representing an average of at least 3 heart 
cycles, were done in the end-expiratory phase to fa- 
cilitate registration of technically satisfactory echo- 
cardiograms during exercise. For an experienced ob- 
server, the variability for digitized derived measure- 
ments used in this study is <10% for all variables.® 

Data are presented as mean + standard deviation. 
Variable responses to exercise were assessed by 1-way 
analysis of variance and mean differences between 
study levels separated by Newman-Keuls multiple 
comparison procedure. Univariate correlations were 
evaluated by simple linear regression analysis by the 
method of least squares. Stepwise regression analysis, 
forward and backward, was done to find variables 
with independent influence on peak filling rate. T'he 
significance level was p «0.05. 

Study findings: From rest to peak exercise, HR, 
systolic blood pressure, peak filling rate, peak shorten- 


ing rate and fractional shortening all increased signifi- 
cantly (Table I). In univariate analysis, peak filling 
rate correlated closely with HR (r = 0.74, p <0.001) 
and was much weaker with systolic blood pressure (r 
= 0.42, p <0.05) and fractional shortening (r = 0.37, p 
<0.05), while it was not significantly related to peak 
shortening rate (r — 0.23). In stepwise regression anal- 
ysis, with peak filling rate as a dependent variable and 
HR, systolic blood pressure, peak shortening rate and 
fractional shortening as independent variables, only 
the association between peak filling rate and HR re- 
mained significant (Figure 2). 


The association between LV peak filling rate and 
HR has been controversial. These variables have been 
reported to be positively related when subjects were 
studied at rest? while others have not confirmed 
this.*° At rest, the association between HR within the 
normal range and the peak filling rate may not be 
apparent. Differences between study results may also, 
in part, be explained by the disparity of study subjects 
and patients. The present study, in accordance with 
previous atrial pacing 7 and exercise studies,» reveals 
such a relation in normal subjects during moderate 
exercise. Exercise increases catecholamine levels, 
which stimulate HR and also enhance both LV con- 
traction and relaxation. However, the association be- 
tween peak filling rate and HR need not be catechol- 
amine dependent because exercise-induced tachycar- 
dia is also mediated though decreased vagal and 
increased sympathetic activity.!? 

The LV systolic function also has been suggested to 
influence early LV diastolic events,^* although this has 
been opposed by others. Such an association may es- 
cape elucidation in studies performed with subjects at 
rest when the inotropic cardiac state is relatively low. 
Both preload and afterload may influence LV relaxa- 
tion. Normalization of peak filling rate using division 
by end-diastolic dimension, however, adjusts for dif- 
ferences in preload to a large extent. Systolic blood 
pressure, a major determinant of afterload, may insert 
its influence on LV diastolic function directly, or 
indirectly through fractional shortening.? Although 
the peak filling rate in the present study did show 
weak positive univariate correlations with both systol- 
ic blood pressure and fractional shortening, neither 
was significant in stepwise regression analysis. A 
stronger association between peak filing rate and LV 
systolic function might, however, be detected at higher 
exercise and heart rate levels. 

At present, clinical studies reporting impaired LV 
diastolic filling in various diseases rarely account for 
the potential influence of HR on peak filling rate when 
evaluating results. Although this association may dif- 
fer in abnormal hearts, many cardioactive drugs sug- 
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FIGURE 2. Relation between the normalized peak filling rate (PFR/ 
EDD) and heart rate. N — number of observations. 


gested to improve LV diastolic function also cause 
changes in HR.? Therefore, the implications of the pre- 
sent study are to consider and eventually adjust for 
differences in HR, for example by using covariance 
analysis, when comparing the peak filling rate in study 
groups. 
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Comparison of Five Methods for the 
Measurement of Left Ventricular 
Ejection Time 
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E ventricular ejection time (ET) is a parameter fre- 
quently used in the noninvasive evaluation of systolic 
function.! This parameter is usually obtained from the 
carotid pulse. The capability for recording the carotid 
pulse, however, is not readily available in all echocar- 
diographic systems. Thus, alternative methods such as 
the M-mode tracing of the aortic valve or Doppler 
echocardiographic recordings of aortic flow have been 
substituted for the carotid pulse.?* Little information 
currently exists as to whether these alternative meth- 
ods give equivalent measurements of ET. The present 
study compared ET measured by the carotid pulse to 4 
alternative methods and evaluated intra-and interob- 
server variability of each of these methods. 
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FIGURE 1. Carotid pulse recording shows with arrows the ejection 
time interval. Time scale is indicated at the top and is similar for all 
figures. 


The study was prospective and comprised 34 sub- 
jects (23 men and 11 women) with a mean age of 38 
years (range 16 to 74), present for routine clinical 
echocardiographic studies. Only patients with high- 
quality pulse tracings, aortic valve echocardiograms 
and aortic Doppler recordings were studied. The 
echocardiograms were obtained on a Hewlett-Pack- 
ard 77020C phased array system. All tracings were 
obtained at 100 mm/s using standard techniques. A 
minimum of 3 to 5 complexes were measured and the 
results averaged. The ET was measured using 5 tech- 
niques: from the carotid pulse at the first onset of the 
most rapid upstroke to the incisura! (Figure 1); from 
the aortic valve M-mode from leaflet opening to coap- 
tation (Figure 2); from the pulsed Doppler tracing 
from leading edge to leading edge of the spectral en- 
velope (pulsed Doppler I) and from midpoint to mid- 
point of valve closure artifacts (pulsed Doppler II, Fig- 
ure 3). The latter method was also applied to the mea- 
surement of the continuous-wave Doppler signal from 
the aortic valve (Figure 4). Two observers measured 
each study twice, blind to each other's results, in 2 
sessions, 2 weeks apart. Intraobserver variation was 
calculated for each observer as a percentage, using the 
following formula: (X4 - X53/[(X1 + X2) X 0.5] X 100 
where X, = first observation, X; = second observa- 


tion.? Interobserver variation was calculated in a sim- 
ilar manner using the results of the second read- 
ing session for each observer. The results were ana- 
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FIGURE 2. M-mode of the aortic valve showing interval (arrows) 
used for ejection time. 
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TABLE! Mean Values for Ejection Time and Intraobserver Variability 
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Observer A Observer B 








Session Session 
Parameter 1 2 


Session Session 


Difference (96) 1 2 Difference (96) 


————————— — —— SP Ó— Ó M sone 


Carotid pulse 315 + 33 309 + 31 2.5 + 2.6 313 + 29 310 + 29 0.9+ 1.2 
Aortic valve 320 + 38 313 + 40 3.0 + 3.1 313 + 33 311 + 32 0.9+ 1.3 
Pulsed Doppler! 300 + 35 290 + 32 4.1+3.6 287 + 32 285 + 33 0.9 + 1.7 
Pulsed Doppler || 295 + 33 290 + 31 2.7 + 2.8 290 + 32 290 + 33 0.7 € 1.2 
CW Doppler 293 + 36 290 + 38 2.8% .2:7 290 + 38 289 + 37 0.8+ 1.3 


——————————————— ee A 


493 


CW = continuous wave. 


TABLE Interobserver Variability 
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TABLE Ill Comparison of Ejection Time Measured by Carotid 
Pulse Versus Other Methods 


Parameter Difference (96) r Value T——————————————— 
OGG — — — — r Value Difference 
Carotid pulse 2.3 + 2.1 0.94 Parameter Mean Values vs Carotid vs Carotid (96) 
Aortic valve 3.6 + 3.3 0.93 — Ml 
Pulsed Doppler | 3.6 + 3.2 0.92 Carotid pulse 310 + 30° — vb. 
Pulsed Doppler II 2.8 + 2.8 0.93 Aoritc valve 313 + 36* 0.90 3.3 + 3.9* 
CW Doppler 2.2 + 2.4 0.97 Pulsed Doppler | 289 + 32 0.74 T4AETS 
= — —— — —— —— — — Pulsed Doppler Il 290 + 31 0.76 7.9 + 7.7 
CW = continuous wave. CW Doppler 289 + 38 0.83 8.0 i 7.8 
p Value 0.0015 0.025 


FIGURE 3. Pulsed Doppler tracing shows 2 slightly 
different methods of measuring ejection time. On 
the left, the arrows indicate leading edge to lead- 
ing edge of the spectral envelope (pulsed Doppler 
I). On the right, the arrows indicate a midpoint to 
midpoint measurement using the valve closure ar- 
tifact (pulsed Doppler II). 


lyzed using 1-way analysis of variance, protected least 
squares difference multiple range testing? and linear 
regression analysis. 

Mean values for ET as well as intraobserver vari- 
ability for all measurement sessions are listed in Table 
I. There was good agreement between sessions for 
both observers and no significant difference in in- 
traobserver variability between any of the measure- 
ments. Interobserver variability is listed in Table II. 
There was excellent agreement between the 2 observ- 
ers and no significant difference in interobserver vari- 
ability among the 5 different techniques. 
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Table III illustrates the ET obtained by taking the 
average values of the second session for both observ- 
ers. There was a significant difference ( p = 0.0015) 
between the values, with all 3 Doppler measurements 
being shorter than the ET determined by carotid pulse 
or aortic valve M-mode. Likewise, there was a lower 
correlation and higher percentage difference be- 
tween Doppler-derived ET and the carotid pulse than 
with the aortic valve M-mode and carotid pulse. 


This study has shown that all 5 techniques for mea- 
suring ET are equally reproducible. In agreement with 
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FIGURE 4. Continuous-wave Doppler tracing. The arrows indicate 
the interval from valve motion artifacts. These motion artifacts were 
usually very distinct and closely correlated with onset and conclu- 
sion of aortic flow. 


previous work,!? inter- and intraobserver variability 
was acceptably small. However, there was a small but 
systematic underestimation of ET by all the Doppler 
methods but not by the aortic valve M-mode method. 


Previous studies have also found no difference in ET 
between the carotid pulse and aortic valve M-mode,’ 
and between the carotid pulse and micromanometer- 
derived central aortic pressure. It is possible that flow 
velocity, as measured by Doppler, is a slightly shorter 
event than mechanical movements of the carotid ar- 
tery or aortic valve. Thus, a Doppler ET is not neces- 
sarily interchangeable with a non-Doppler ET. Labo- 
ratories using Doppler to measure ET should consider 
adjusting their normal ranges for measurement of ven- 
tricular performance that include ET. 


Acknowledgment: We are grateful to Jean Hansen 
for excellent assistance in the preparation of this man- 
uscript. 
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A XII Century Description 
of Congestive Heart Failure 


JON E. LUTZ, MD 


0 ne does not need to be a physician to be an accurate 
observer. I have found what is most certainly a de- 
scription of congestive heart failure in a biography of 
the Byzantine emperor Alexius I Comnenus, who was 
born in 1056 and reigned from 1081 to 1118, written by 
his daughter Anna. A Medline search of the medical 
literature in the English language failed to contain ref- 
erences to this or earlier descriptions of congestive 
heart failure. This biography was first translated from 
Greek into English in 1928, and the translation into 


- contemporary English by the well-known Byzantine 
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historian E.R.A. Sewter was published in 1969.1 
Alexius reorganized the Byzantine Empire and re- 

gained lost territory. It was his request for mercenaries 

to fight the Turks that led to the organization of the 


First Crusade.” Before his final, fatal illness at age 62, 
he was in good health and athletic, save for suffering 


from attacks of gout in his later years.! 
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It is important to recall that the achievements of 
antiquity, including those of medicine, were transmit- 
ted to western Europe largely through the Arabs and 
the Greeks.? Greek and Roman culture existed unbro- 
ken through the centuries in the Byzantine Empire. 
Galen, a Greek court physician to several Roman em- 
perors in the second century A.D., was considered the 
ultimate medical authority in medieval Europe.? Pre- 
sumably, Byzantine physicians continued the Galenic 
tradition. The Arabs, whose states for centuries bor- 
dered the Empire, made further contributions to medi- 
cine. Most noted was Avicenna (980 to 1037), court 
physician at Baghdad. Familiar with classical Greek 
literature and second only to Galen in terms of influ- 
encing medieval medicine,’ it is quite possible that his 
works were known to the Byzantine physicians in 
Alexius’ day. 

And what was the state of the art in the understand- 
ing of edema? A later English physician, John of 
Gaddesden, quoted Avicenna as stating that, "Hy- 
drops is an error of the combining forces in the whole 
body, following on a change in the digestive energy in 
the liver." ? Citing Avicenna and the earlier physician 
Constantine, he described the several methods of 
treatment of hydrops: by diuretic medicines, sweating, 
emetics and purgatives, by having the patient drink his 
own urine and, amazingly, by paracentesis, which was 
recommended only for strong patients. This could be 
done several times.? 

The upper classes in Byzantium, unlike those in 
western Europe, were literate.? Hence, perhaps, An- 
na's ability to serve as an arbiter at the conference of 
physicians attending her father. Selected passages of 
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the biography with comments by this writer follow: 
"Most of the doctors had no idea at all of the danger 
with which we were threatened. But Nicolas Kallicles 
(for that was his name) predicted fearful troubles; he 
told us that he was afraid the humours, having aban- 
doned the extremities, might move in some other di- 
rection and so endanger the patient's life . . . Kallicles 
foresaw what would happen and told them emphati- 
cally, *For the time being the matter has left the ex- 
tremities and attacked the shoulder and neck, but if we 
do not get rid of it by purging, it will move again, to 
some vital organ, or even to the heart itself. If that 
happens the damage will be irremediable. ’”! 

^... He was greatly affected by the pressure of daily 
business and the many cares of government. I often 
heard him telling the empress about it; in a way he was 
accusing the disease. ‘What on earth is this trouble that 
affects my breathing? I want to take a deep, full breath 
and be rid of this anxiety that troubles me, but how- 
ever often I try I can't lift even once a small fraction of 
the load that oppresses me. For the rest it's like a dead- 
weight of stone lying on my heart and cutting short my 
breathing. I can't understand the reason for it nor why 
such pain afflicts me.’ ”1 

“They felt his pulse and admitted that they found 
all kinds of irregularities, but they were altogether un- 
able to give a reason for this. They knew that the em- 
peror’s diet was not rich; it was indeed the sort of food 
athletes or soldiers have, so that the question of an 
accumulation of humours from too rich a diet was 
ruled out; they attributed the difficulty in breathing to 
some other cause and said the main reason for his 
illness was overwork and the constant pressure of his 
worries. His heart, they said, was consequently in- 
flamed and was attracting all the superfluous matter 
from the rest of his body."! The Greek physicians of 
the early XII century were aware of the importance of 
the examination of the pulse (Galen had written sever- 
al treatises on this matter).? They recognized the im- 
portance of diet and stress in health and disease, and 
correctly surmised that the emperor was suffering 
from a disease of the heart. 

“After this the terrible malady gave him no respite 
at all: it was throttling him like a halter. Every day it 
grew worse, attacking him no longer at intervals, but 
relentlessly, with no interruption. He was unable to lie 
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on either side, so weak that every breath involved 
great effort . . . his condition was serious, for never for 
one moment could he breathe freely. He was forced to 
sit upright in order to breathe at all; if by chance he did 
lie on his back or side, the suffocation was awful: to 
breathe in or exhale even a tiny stream of air became 
impossible. When sleep in pity overcame him, there 
was a danger of asphyxia, so that at all times, asleep or 
awake, he was menaced by suffocation. As purgatives 
were not allowed, the doctors tried phlebotomy and 
made an incision at the elbow, but that also proved 
fruitless. He was just as breathless as before and there 
was a constant danger that he might expire in our 
arms."! This is a clear description of orthopnea and 
possibly paroxysmal nocturnal dyspnea, which are 
signs of left ventricular failure. Mention of phleboto- 
my in the treatment of acute pulmonary edema is still 
to be found in a standard internal medicine textbook.* 

"But when his stomach was visibly enlarged to a 
great size and his feet also swelled up and fever laid 
him low, some of the doctors, with scant regard for the 
fever, had recourse to cauterization. Here again all 
attempts to cure him were vain and useless; he got no 
help from the cautery, for both stomach and respira- 
tory organs were in as bad a condition as ever."! The 
patient had by this time developed signs of right ven- 
tricular failure with peripherak edema and probable 
ascites. His fever may have been a manifestation of 
infection, quite possibly pneumonia, as it is known that 
pulmonary edema can predispose to pneumonia. 

"She kept nudging me, urging me to tell her about 
the pulse, but when ... I touched it again and recog- 
nized that all his strength was going and the circulation 
of blood in the arteries had finally stopped, then I 
turned away, exhausted and cold, my head bowed and 
both hands covering my eyes.”! Alexius died of cardi- 
ac arrest, surrounded by his family. 
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THE AJC in February 1963 


WILLIAM C. ROBERTS, MD 


E. AJC in February 1963 contained 16 articles occu- 
pying 129 pages. This piece will comment on 5 articles. 

The first 2 articles concerned children and men 
born and living at high altitudes and having pulmo- 
nary hypertension. Sime and associates! from Lima, 
Peru, described results of right-sided cardiac catheter- 
ization in 32 healthy children (ages 1 to 14 years) born 
and living permanently in towns located >14,000 feet 
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above sea level. The average pulmonary arterial sys- 
tolic pressure in the 7 children 1 to 5 years of age was 


58 + 17 mm Hg (diastolic 32 + 18 mm Hg), and in the 25 - 
children 6 to 14 years of age, 41 + 10 mm Hg (diastolic - 
18 + 10 mm Hg). The average systemic arterial systolic - 


pressure in the 7 children 1 to 5 years of age was 85 + 


11 mm Hg (diastolic 60 + 11 mm Hg), and in the 25 - 
children 6 to 14 years of age, 94 + 13 mm Hg (diastolic — 
67 + 10 mm Hg). The pulmonary vascular resistance, - 


measured only in the children 6 to 14 years of age, 


averaged 459 + 57 dynes - s - cm 5/m?. The cardiac | 
indexes and pulmonary arterial wedge pressures were _ 


similar to those in children at sea level. Penaloza and 


associates" from Lima, Peru, described results of right- · 
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. sided cardiac catheterization in 38 healthy men (ages 


. 17 to 34 years), all born in villages >12,000 feet above 


. sea level and all living the last 8 years in places 


>14,000 feet above sea level. The average pulmonary 
arterial pressure was 41 + 13 mm Hg (diastolic 15 + 8 
mm Hg}, and the average systemic arterial systolic 
pressure was 118 + 9 mm Hg (diastolic 73 + 7 mm Hg). 
The pulmonary vascular resistance averaged 332 + 36 
dynes - s - cm^?/m?. Mean pulmonary arterial wedge 
pressure, cardiac index and heart rate were similar to 
that in 25 healthy men born and living at sea level. 
Two studies concerned the effects of cardiopulmo- 
nary bypass on myocardial and blood digoxin levels. 


Beall and associates’ from Houston, Texas, digitalized 


10 patients with tritium-labeled digoxin just before 
open heart operations. Samples of blood from the pa- 


tients and from the pump oxygenator and myocardial 


biopsies were obtained before and after bypass and 
analyzed for radioactivity following suitable extrac- 
tion procedures. These studies demonstrated some loss 


. of digoxin into the pump oxygenator, but this loss was 


negligible in relation to total body digoxin. Concentra- 
tions of digoxin in myocardium were insignificantly 
changed. Ebert and associates* from Bethesda, Mary- 
land, determined radioactivity of serial myocardial bi- 
opsies in 11 patients with congential heart disease pre- 
viously digitalized and who were given tritium-la- 


beled digoxin. Extracorporeal circulation resulted in 


decreases of 10 to 28% in radioactivity in the heart. 


. The radioactivity of the blood increased 5-fold after 
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extracorporeal circulation but unchanged digoxin 
comprised only 14% of the total. The latter investiga- 
tors concluded that cardiotonic compounds may be 
removed from the heart during open operations and, if 
supplemental digitalis is required in the postperfusion 
period, it may be administered without fear of a re- 
duced threshold of toxicity. 

Daoud and colleagues? from Albany, New York, 
described finding 1 or more coronary arterial aneu- 
rysms in 10 of 694 hearts in patients 16 years and older 
having necropsy during a 30-month period at their 
hospital. Their report provided detailed clinical and 
necropsy findings in their 10 cases and also tabulated 
findings in 79 previously reported necropsy cases of 
coronary arterial aneurysm. Of their 10 cases, 8 also 
had aneurysms of the abdominal aorta and all were 
atherosclerotic in origin. 
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not been previously published, and that the data in the manuscript 
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data and the conclusions reached in the manuscript. The Publisher 
- reserves copyright and renewal on all published material, and such 
material may not be reproduced without the written permission of the 
. Publisher. Statements in articles are the responsibility of the authors. 
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- concessions they are readily prepared to make (for example, the 
. elimination of 1 or more figures or tables or a portion of the text) to 
increase the likelihood of publication of their work in the Journal. 


Several names and addresses should be provided of nonlocal experts 
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views of their work. The names of investigators considered unlikely by 
the authors to give nonbiased reviews of their work also may be 
submitted, and this request is honored. 

Submit 3 copies (1 original and 2 xerographic copies) of the entire 


_ manuscript including text, references, figures, legends and tables. 
_ Study recent past issues of the Journal for format. Arrange the paper 
. as follows; (1) title page, which should include the title, the full names 


and academic degrees of the authors, and the institution and city and 
state or city and country from which the work originated; (2) second 
title page, with only the title of the article (page not numbered); (3) 
abstract; (4) text; (5) acknowledgment; (6) references; (7) figure leg- 
ends; (8) miniabstract for Table of Contents that includes the full title 
and names (without academic degrees) of the authors (page not 
numbered); and (9) tables. Number the title page as 1, abstract page 
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HIGH PLASMA CONCENTRATION OF THE 
ATRIAL NATRIURETIC PEPTIDE (ANP) WITH 
SUPPRESSED ALDOSTERONE SECRETION IN 

CONGESTIVE HEART FAILURE 


. Since the time de Bold et al! reported a rapid 


and potent natriuretic response induced by 


intravenousinjection ofatrial myocardial ex- 


tract into rats, it has been confirmed that the 
atrial natriuretic peptide (ANP) induces not 
only natriuresis, but cyclic GMP generation? 
and suppression of aldosterone secretion? as 
well.Inthe presentstudy, the plasma concen- 
trations of ANP, aldosterone, angiotensin II, 
ACTH and electrolytes were measured in 
heart failure patients. The probable relation 


. between plasma ANP levels and other fac- 


tors is discussed. The particular degree of 
heart failure wasassessed on the basis of New 
York Heart Association criteria. Plasma con- 
centrations of immunaoreactive ANP were 
determined by a radioimmunoassay, as re- 
ported previously.^ 

Seventy-eight blood samples were taken 
from 61 patients; these were 28 patients with 
ischemic, 4 with hypertensive and 18 with 
valvularheart disease; another4 patients had 
cardiomyopathy and the remaining 7 had 
other heart diseases. On the basis of classifi- 


. cation by New York Heart Association crite- 


ria, there were 12 patients with class IV, 12 
with III, 23 with II and 31 with I. Patients in 
class IV were 71 + 11 (mean + standard devi- 
ation) years old (range 57 to 88]; in class III 


. they were 59 + 16 years old (range 33 to 77]; in 
- class II 62 + 13 (range 43 to 80); and in class I 


61.3 + 12 (range 32 to 84). No statistical differ- 
encesin age were noted in any group. Statisti- 
cal significance was determined using Wil- 
coxon's rank sum test. 

Figure 1A shows 78 plasma ANP level de- 


— terminations carried out in 61 patients classi- 


fied according to the aforementioned crite- 


-. ria. Plasma ANP levelsin the patients of class 


— = — 


I were significantly lower than those of any 


other group, and those in the patients in class 


IV weresignificantly higherthan in any other 
group. Figure 1B shows the plasma aldoste- 
rone levels in the patients of class III to be 


lower than those of class I, and those in class 


- IVtobesignificantly lower than either class I 
or II. The plasma angiotensin II levels were 


essentially the same in all classes, as is evi- 
dent from Figure 1C. Plasma ACTH levels in 


 allpatientswerealways within normal limits, 


as were the serum postassium concentra- 
tions. 


— ANP is reported to suppress aldosterone 


secretion in mammalian adrenal gland.* In 


* Letters (from the United States) concerning a 
particular article in the Journal must be received 
within 2 months of the article’s publication, and 
should be limited (with rare exceptions) to 2 dou- 
ble-spaced typewritten pages. Two copies must be 


- submitted. 


a. (po/m)«  « aes 





Qa 
=a 
«x 
<= 
D. edly Se a 
12 
10 
o 
S 8 
® 
2 6 
D 4 
<r 
2 
0 
(g/ml) 









40 

30 mean SEM 

*3Xok p — 0.0025 
** p< 0.01 


* p« 0.05 


Angiotensin II © 
S 


= 
< 
I 
> 


I II il N 


(n) (31) (23) (12) (12) 


FIGURE 1. Plasma concentrations of ANP, 
aldosterone and angiotensin Il in patients 
with heart failure classified by New York 
Heart Association criteria. A, plasma ANP 
concentration in patients with heart failure. 
B, plasma aldosterone levels. C, plasma an- 
giotensin Il levels. 


the present study, plasma ANP levels in class 

III and IV patients were extremely high. The 

plasma aldosterone levels of these patients 

were noted to be significantly suppressed 

while plasma angiotensin II, the ACTH lev- 

els and serum potassium concentrations re- 

mained within normal bounds. These results 

indicate that plasma aldosterone levels may 

possibly be suppressed by high plasma ANP 

levels and not by angiotensin II, ACTH and 
potassium levels in the blood. 

Fumiaki Marumo 

Yoichi Katoh 

Toshiro Kurosawa 

Sadao Takeda 

Shingo Kurokawa 

Hisato Sakamoto 

Ryuichi Kikawada 

Kenji Ando 

Tatsuzo Ishigami 

Sagamihara, Japan 
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PULMONARY EMBOLISM AND ATRIAL 
FIBRILLATION 


The article by Chakko and Richards in the 

January 1987 AJC on cardiac thrombi and 

pulmonary embolism is missing one impor- 

tant piece of information: how many patients 

had had documented chronic atrial fibrilla- 

tion (AF)? This is important because there is 

abundant evidence that chronic AF is an im- 

portant independent contributing factor for 

the production of thromboembolic phenom- 
ena. 

Herman 0. Klein 

Avinoam Bakst 

Elieser Kaplinsky 

Kfar-Saba, Israel 

6 April 1987 


1. Wiener I. Clinical and echocardiographic corre- 
lates of systemic embolization in nonrheumatic 
atrial fibrillation. Am J Cardiol 1987;59:177. 

2. Fisher CM. Embolism in atrial fibrillation. In: 
Kulbertus HE, Olsson SB, Schlepper M, eds. Atrial 
Fibrillation. Astra Cardiovascular, 1982:192-207. 


REPLY: We agree that there is abundant evi- 
dencethat AF increasesthe risk for thrombo- 
embolic phenomena. However, almost all 
studies, including the one done by Weiner! 
deal with systemic emboli and not pulmonary 
emboli. There is limited reported informa- 
tion about the association, if any, between AF 
and pulmonary embolism.?-* It is obviously a 
virtualimpossibility to identify with certainty 
the source of pulmonary emboli. In our pa- 
tients, electrocardiographic results were 
available for review in 63 of the 73 patients 
with pulmonary embolism and 27 of the 30 
patients with right-sided cardiac thrombi. 
Among the 63 patients with pulmonary em- 
bolism (without right-sided cardiac thrombi], 
2 had AF, 1 atrial flutter and 3 were brought to 
the emergency room in a state of cardiac ar- 
rest. Among the 27 patients with right-sided 
cardiac thrombi, 2 had AF, one of whom also 


hada permanent pacemaker wire in the right 
ventricle and 1 patient had chronic atrial 
tachycardia with 2:1 conduction. One of the 2 
patients with AF and right-sided cardiac 
thrombi had pulmonary embolism. AF is a 
common arrhythmia and its frequency in our 
patients is not unusual. The number of cases 
involved, however, is too small to draw defi- 
nite conclusions. 
Simon Chakko, MD 
Salem, Virginia 
30 April 1987 
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ENDORPHINERGIC PAIN MEDIATION IN 
CORONARY ARTERY DISEASE REMAINS 
UNCLEAR 


The likelihood that endorphins alter pain 
perception during myocardial ischemia, in- 
farction or both seems highly probable in 
light of the efficacy of morphine in reducing 
such pain. However, it is difficult to draw 
meaningful conclusions from the data pre- 
sented by Sheps et al! in a recent article. 

First, the investigators failed to adjust the 
cycle ergometry to the subjects' body weight. 
Because cycle work is a nonweight-bearing 
activity, heavier subjects (those with a larger 
muscle mass) havea distinct performance ad- 
vantage. This resulted in the subjects per- 
forming varied workloads in terms of their 
oxygen consumptions, relativeto VO; ml/kg/ 
min ^. The American College of Sports Med- 
icine recommends that exercise protocols be 
modified according to subjects' body weight 
and activity status.? 

Endorphin levels would be expected to be 
lower in subjects exercising for shorter peri- 
ods of time.?-5 A conservative treadmill exer- 
cise protocol may have been more useful in 
allowing all subjects to step up to their ische- 
micthresholdsovera longertime course. This 
would have resulted in more consistent en- 
dorphin responses, as opposed to subjects de- 
veloping ischemia and angina in as little as 80 
seconds. These very brief exercise times also 
helpexplainthe positive correlation between 
postexercise endorphin levelsand timetoon- 
set of angina. Because the duration of the ex- 
ercise wassoshort, the endorphinssimply did 
not have sufficient time to become elevated. 

Second, the data presented in Table II and 
Figure 1 make it clear that both groups con- 
tain questionable outliers. The postexercise 
endorphin level of 19.5 pmol/liter for a male 
subjectin the “no angina” groupisofa magni- 
tude that indicates this subject likely exer- 
cised for a considerably longer time than the 
others. If this is the case, one must wonder 
whether it is fair to include this data since it 


«e 
> 
TA 
ma 
4 
is 


TETTERE OSS Te Pao, LSS Ah Py pM aie ka 
February 15, 1988 THE AMERICAN JOURNAL OF CARDIOLOGY 


may not be comparable. The value of 0.0 
pmol/liter included in the “angina” group 
seems highly improbable, especially since 
the resting average for the entire experimen- 
tal group was 4.9 pmol/liter. The accuracy of 
this measure is clearly in doubt. 

If these 2 data points are excluded, the 
group means become 6.98 and 5.93 for the “no 
angina" and "angina" groups, respectively. 
An Irwin-Fisher 2-sample median test for in- 
dependent data (the most powerful statistic 
for this case) when these 2 data points are 
excluded shows that these 2 groups do not 
even begin to approach statistical signifi- 
cance (p = 0.41). 

Therefore, 2 problemsthreaten the validity 
of the conclusions drawn in this study. The 
exercise used may have been too aggressive 
to allow the "angina" group sufficient time 
for their endorphin levels to rise. The inclu- 
sion of suspect data may have produced sta- 
tistical significance where no real difference 
exists. 

While the probability that site-specific en- 
dorphinergic receptors are located in the 
myocardium remains tenable, and appeal- 
ing, the physiologic significance of this mech- 
anism in asymptomatic ischemia remains un- 
clear. 

James J. Menegazzi, MS 
Pittsburgh, Pennsylvania 
10 April 1987 
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REPLY: Mr. Menegazzi's first criticism raises 
the issue of adjusting the workload to the sub- 
ject's body weight. Our article's main point 
wasthat postexercise endorphin levels differ 
for patients with or without exercise-induced 
angina. Objective measurements of ischemia 
(radionuclide ejection fraction response and 
ST-segment depression) were the same in 
both groups and, as we stated, no significant 
relations were noted between endorphin lev- 
els and measurements of workload (peak 
workload), exercise duration, total work, ST- 
segment measurements or exercise radionu- 
clide ejection fraction measurements. Our 
Table III illustrates that post-stress endor- 
phin level was significantly related only to 
those parameters pertaining to angina, while 
its correlation with peak workload was just 
0.08 (p = 0.71). Thus, endorphin levels were 
not lower in subjects exercising a shorter pe- 
riod of time, and whether or not heavier sub- 
jects had a performance advantage really is 
therefore not relevant to the conclusions of 
our study. 

Mr. Menegazzi's second point questions 
theaccuracy of our data for 2 presumed outli- 
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ers and notes that their inclusion raises a — 


question about the validity of our conclu- 
sions. Standard and acceptable statistical 
practices do not justify exclusion of outliers 
unless they represent errors.! We have con- 
firmed that both data points referenced are 
accurate and fall within a reasonably expect- 
ed range. The subject from the no-angina 
group with a postexercise endorphin level of 
19.5 pmol/liter had a pre-exercise endorphin 
level of 13.5 and an exercise duration of 450 
seconds. He did not exercise considerably 


longer than the other subjects, and his peak — 
workload of 250 kpm is lower than the mean ~ 


workload of 286 kpm (Table I). The value of 0 
pmol/liter for postexercise endorphin level 
in theangina groupis notimprobable and the 
accuracy ofthis measurementis notclearly in 
doubt. We state under the subheading “Ra- 
dioimmunoassay procedure” that the sensi- 
tivity of the assay is less than 3 pmol/liter; 
however, the accuracy of values <3 pmol/ 
liter is much less than values >3 pmol/liter. 
The resting endorphin measurement for this 
patient was 1.5 pmol/liter. His workload of 
250 kpm was identical to that of the previous 
patient mentioned, who had a postexercise 


endorphin level of 19.5 pmol/liter, and his - 


duration of exercise (540 seconds) wasactual- 
ly longer. Further, it should be emphasized 
that previous work in normals hasshown that 
8-endorphin elevations are not found after 
exercise in all subjects. Although the magni- 
tude of elevation may be affected by work- 
load, other factors such as degree of exercise 
training no doubt also play a role.? 


In summary, the data we reported are rea- _ 


sonable and accurate and the conclusions we 
have drawn from them are justified. Due to 
the small number of subjects in our study, 
however, we recognize that our findings are 
preliminary and need to be confirmed by fur- 
ther studies. Further research should also at- 
tempt to define other factors that control en- 
dorphin response to stress and their physio- 


logic effects. 
David S. Sheps, MD 


Alan Hinderliter, MD 


Kirk Adams, MD 

Cindy Price, MD 

Gary Koch, MD 

Chapel Hill, North Carolina 


5 May 1987, 
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MATERNAL TRANSMISSION OF CONGENITAL 
HEART DISEASE 


In the February 15, 1987, Journal, Nora and 
Nora! presented an interesting compilation 
of well-known data to which Rose's figures,” 
not quoted, added further substantiation to 
the hypothesis that there may be an increase 
of congenital heart defects in the offspring of 
women with congenital cardiac anomalies 
than in the progeny of similarly affected men. 

Before publishing my preliminary results 


on the incidence of congenital heart defects - 
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in the offspring of affected iita in 1982,31 
. raised this question with Nora because I was 
i concerned about the high recurrence rate of 
-~ cardiac anomalies I was obtaining in my pro- 
~ spective study of 20+ years whereas previous 
. studies had been retrospective. Obviously, 
i, many ventricular septal defects in infants 
bg - closed in the 3-year observation period ac- 
E -cording to my study protocol and are now tak- 
. en into account. 
-~ Asaresultof my concern my current study 
E includes the following: 
5 4 yop: the offspring of male patients 
— th congenital cardiac malformations from 
same population asthe women in my orig- 
xe ay ‘inal study (to date I have only seen 151 pater- 
- nal families with 296 children in comparison 
A | tothe 254 mothers with 416 children, the cur- 
E status of the maternal study.) 
— A [havettried to recall many of the older ma- 
5 ie progeny toconfirm my clinical evalua- 
ee by subsequent echocardiography and 
. Doppler studies, which were not available in 
the early days of that project study. (The af- 
. fected offspring of the paternal study have all 
it been substantiated by echocardiograms or 
e other studies.) 
3 These studies are yet to be completed but 
my present figures indicate an overall inci- 
k dence of affected progeny to be 14.4% in the 
. maternal study and 9.9% in the paternal 
ady to date (probability not significant.) 
_ However, I do concur that in those with left- 
t | sided obstruction we have a significantly 
ok ier incidence of affected progeny of the 
= women (23.1%) than of the men (9.8%, p 
E | «0. .05). If one removes those probands found 
b to have hypertrophic obstructive cardiomy- 
. opathy, the significance i is almost lost (16.6% 
. in women, 8.4% in men, p <0.10). Likewise 
2. the apparent higher incidence among the off- 
spring of women with ventricular septal de- 
fects becomes insignificant when we remove 
infants whose ventricular septal defects 
: closed within the first 3 years of life. 
In the offspring of the 15 women with ge- 
Es syndrome or strong family history, 56% 
(150f27)wereaffected and ofthe5 men witha 
e imilar history to date, 60% (6 of 10) were af- 
fected. If one removed from the total figures 
the progeny whose ventricular septal defects 
closed as well as those with a genetic syn- 
. drome or strong family history, the incidence 
Ut of congenital heart defects in the progeny of 
affected mothers or fathers is not statistically 
p. : prose (9.8% and 8.2%, respectively). 
___ To date, I am not able to substantiate the 
hy pothesis comparing my maternal and pa- 





















ternal studies from the same clinic popula- 
tion. 

Ruth Whittemore, MD 

New Haven, Connecticut 

15 April 1987 
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REPLY: We look forward to seeing more data 
from Whittemore’s prospective study on as 
many different lesions as she can evaluate. 
Further, we agree that genetic syndromes 
produced by single mutant genes and chro- 
mosomal anomalies should be excluded. 
However, we feel that it would be a serious 
mistake to exclude patients witha strong fam- 
ily history, because these might be the very 
ones who could enlighten us as to unusual 
mechanisms, such as cytoplasmic inheri- 
tance. Finally, although we would exclude 
ventricular septal defects that close sponta- 
neously in the newborn period, those that 
close spontaneously after this time may be as 
etiologically informative as those that are sur- 
gically closed. 
James J. Nora, MD, MPH 
Audrey Hart Nora, MD, MPH 
Denver, Colorado 
6 May 1987 


PATTERN OF CONGENITAL HEART DISEASE 
IN CHILDREN 


Weread the article by Wei-Pui Lien and asso- 
ciates entitled “Frequency of Various Con- 
genital Heart Diseases in Chinese Adults: 
Analysis of 926 Consecutive Patients over 13 
Years of Age,"! which highlighted the differ- 
ence in congenital heart disease pattern be- 
tween the ethnic Chinese and the Western 
population. 


We also studied a group of 2,404 Chinese Hd 
children (ages 1 day to 14 years) with cardiac — — 
catheterization in Hong Kong from January 


1973 to December 1985? and showed a simi- 
larly higherincidence of supracristal ventric- 
ular septal defect (18%) and lower incidence 
of aortic valvular stenosis (1.3% ). Unlike the 
authors' findings of a low incidence of coarc- 
tation of aorta in adults, however, we found 


an incidence of 4.5% of coarctation in our 
series of Chinese children, which issimilarto — 


other Western reports.? In fact, coarctation of 
aorta with or without ventricular septal de- 
fect wasthe most common acyanotic congen- 
ital heart disease (11%) presenting with car- 
diac failure in the newborns. Among these 


39% had isolated coarctation, 33% wereasso- 
ciated with a supracristal ventricular septal 


defect and 17% with a perimembranous ven- 
tricularseptal defect. An autopsy study in our 
institution from 1971 to 1975 on a group of 801 
infants (<1 year old) showed an incidence of 
coarctation of aorta of 4.5%. This agreed well 
with the autopsy findings of Muir from Singa- 
pore.* We therefore disagree that coarctation 
of aorta is uncommon among the Chinese 
population. 

Aortic coarctation, however, isan anatomi- 
cally heterogenous condition. Aortic isthmal 
hypoplasia, which is commonly associated 
with large intracardiac left-to-right shunts, 
especially supracristal ventricular septal de- 
fects,? is not uncommon among Chinese in- 
fants. Although it might be highly probable 
that Chinese adults do have a genuinely low- 
er incidence of coarctation of aorta, to settle 
the issue, a more detailed epidemiologic 
analysis separating the different anatomic 
types of aortic coarctation is necessary. 

K.C. LAU 
R.N.S. LO 
M.P. LEUNG 
Hong Kong 


20 October 1986 
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Tambocor is indicated for the treatment of docu- 
mented life-threatening ventricular arrhythmias, such 


as sustained V-tach. 
Tambocor is also indicated for the treatment of pa- 
tients with symptomatic NSVT and frequent PVCs. 
Because of the proarrhythmic effects of Tambocor, its 
uses in these less severe arrhythmias should be 
reserved for patients in whom, in the opinion of the 
physician, the benefits of antiarrhythmic treatment 
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outweigh the risks. 





oan Borra's symptomatic 

PVCs and NSVT have been 

successfully controlled by 
Tambocor*? (flecainide acetate) B.1.D. 
for almost a year, and she experi- 
enced none of the problems charac- 
teristic of arrhythmia therapy. 
Tambocor has proven to be highly 
effective in study after study. In a mul- 
ticenter clinical trial against quinidine, 
for example, Tambocor produced 
greater than 95% suppression of 
NSVT in 8696 of patients.' In a 12- 
month follow-up to this trial, 9496 of 
patients who remained on Tambocor 
had 100% suppression of NSVT.2 


Tambocor is so well tolerated by 
most patients that discontinuation due 
to noncardiac adverse effects in a 
major multicenter study was only 
5.4%.° Tambocor also has convenient 
D.I.d. dosing, making it easier to 
comply with in long-term use. 





F Tambocor has a low incidence of 
| cardiac side effects in patients with 
symptomatic PVCs and NSVT. In a 
study of 1,330 patients treated with 
Tambocor, the overall incidence of 
proarrhythmia was 6.8%. In patients 
with PVCs, the incidence was 1.796 
(8/470); in NSVT patients, 3.896 
(18/469).* However, Tambocor should 
be used with caution and dosed dif- 
ferently in patients with sustained 
V-tach, particularly those with conges- — 
tive heart failure or myocardial dys- 
function. The incidence of cardiac 
adverse effects has been found to be 
substantially higher in these patients. 


T Please see full prescribing information. i 
/ \ MBO COR B | D This exceptional record of effi- 1 

cacy, safety and tolerance has been T 
(flecainide acetate) borne out in six years' experience with 


more than 300,000 patients world- 
wide. It's no wonder that many physi- | 
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Please see following page for brief summary of full prescribing 3 
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. Brief Summary. Consult the package insert for full prescribing 


EL ICATIONS: 
= . TAMBOCOR is contraindicated in patients with preexisting second- or 
- third-degree AV block, or with right bundle branch block when asso- 
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= WARNINGS: 

Es P Effects. TAMBOCOR, like other antiarrhythmic 
— Can cause —— » mias. * — 
EDU ‘effects range from an increase in frequency S e 
d = ent of more severe ventricular tachycardia, e.g., tachy- 


~ cardia that is more sustained or more resistant to conversion to 
EM poe with —— fatal consequences. In studies of 
3 R, three fourths of proarrhythmic events were new or 
 worsened ventricular tac 
creased frequency of PVCs or new supraventricular arrhythmias. 


Ae Hor with complex arrhythmias, it is often difficult to distin- 








ias, the remainder being in- 


















d a neous variation in the patient's underlying rhythm 
sordei arses angad aadar worsening, so that the following occur- 
ce rates must be considered approximations. Proa mic 
= effects were reported in 7% of patients treated with TAMBOCOR. 
mro -T ency appears to be related to dose and to the underlying 
|... Among patients treated for ventricular tachycardia (who 
NT ‘monty also had heart failure, a low ejection fraction, a history 
Ae es infarction and/or an episode of cardiac arrest), the 
. incidence of proa ic events was 13% when dosage was 
initiated at 200 mg/day with slow upward titration, and did not 
exceed 300 mg/day in most patients. In early studies in patients 
. with ined ventricular tachycardia utilizing a higher initial 
. . dose(400 mg/day) the incidence of proarrhythmic events was 26%; 
moreover, in about 10% of the patients treated proarrhythmic 
ents resulted in death, despite prompt medical attention. With 
. lowerinitial doses, the incidence of proarrhythmic events resulting 
. in death decreased to 0.5% of these patients. Meer, it is 
extre important to follow the recommended dosage schedule 
. Patients with less serious a as (chronic PVCs and nonsus- 
tained ventricular tachycardia) have experienced a lower rate of 
events, about 3%, with 0.1% being fatal. 
cy of proarrhythmic events in patients 
r tachycardia and serious underlying 
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Ay ction. The initial dosage in such patients should be no 


100 mg bid (see Dosage and Administration) and pa- 
id be monitored carefully Close attention must be given 
enance of cardiac function, including optimization of digi- 
~ talis, diuretic, or other . In cases where CHF has developed 
.. er worsened during treatment with TAMBOCOR, the time of onset 

- has ranged from a few hours to several months after starting 

SC evidence of reduced myocar- 


it of digitalis or diuretics, othe 

discontinuation of TAMBOCO 
that plasma flecainide levels be monitored. At- 
be made to keep trough plasma levels below 0.7 to 


 Effei $ on Caidiac Conduction. TAMBOCOR slows cardiac conduc- 
— tio nin most patients to produce dose-related increases in PR, QRS, 
ee el | ea es on average about 25% (0.04 seconds) and as 
0M ey in some patients. Approximately one third of patients 

VERE ew first degree AV heart block (PR interval =0.20 






Seconds or more. Thus, caution | 
. and dose reductions. ed. 
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due to widening of the QRS duration. The JT interval (QT minus QRS) 
only Mens aedi 4% on the average. Sgniticant T — 


5. There has been one case of 
Torsade de Pointes-type arrhythmia associated with TAMBOCOR in- 
duced QT —— and bradycardia. 

Clinically significant conduction changes nave been observed at these 
rates: sinus node dysfunction such as sinus pause, Sinus arrest and 
symptomatic bradycardia (1.2%), second-degree AV block (0.5%) 
and third-degree AV biock (0.4%). An attempt should be made to 
manage the patient on the lowest effective dose in an effort to mini- 
mize these effects (see Dosage and Administration). If second- or 
third-degree AV block, or right bundle branch block associated with a 
left hemiblock occurs, TAMBOCOR therapy should be discontinued 
unless a temporary or implanted ventricular pacemaker is in place to 
ensure an adequate ventricular rate. 

Sick Sinus Syndrome (Bradycardia-Tachycardia Syndrome). 
TAMBOCOR should be used only with extreme caution in patients 
with sick sinus syndrome because it may cause sinus bradycardia, 
sinus pause, or sinus arrest. 

Effects on Pacemaker Thresholds. TAMEOCOR is known to increase 
endocardial capt sd aes and may suppress ventricular escape 
rhythms. These effects are reversible if flecainide is discontinued. It 
should be used with caution in patients with permanent pacemakers 
or temporary pacing electrodes and should not be administered to 
patients with existing poor thresholds or nonprogrammable pace- 
makers unless suitable pacing rescue is available. 

The pacing threshold in patients with pacemakers should be deter- 
mined prior to instituting therapy with TAMBOCOR, again after one 
week of administration and at regular intervals thereafter. Generally 
threshold changes are within the range of multiprogrammable pace- 
makers and, when these occur, a doubling of either voltage or pulse 
width is usually sufficient to regain capture. 

Electrolyte Disturbances. Hypokalemia or hyperkalemia may alter 
the effects of class | antiarrhythmic drugs. Preexisting hypokalemia 
Ht ee should be corrected before administration of 


PRECAUTIONS: 
Drug Interactions. TAMBOCOR has been administered to patients 
receiving digitalis preparations or beta-adrenergic blocking agens 
without adverse effects, During administration of multiple oral doses 
of TAMBOCOR to healthy subjects stabilized on a maintenance dose 
of digoxin, a 13% + 19% increase in plasma digoxin levels occurred 
at six hours postdose. 
In a study involving healthy subjects receiving TAMBOCOR and pro- 
— concurrently, plasma flecainide levels were increased about 
0% and propranolol levels were increased about 30% compared to 
contro! values. In this formal interaction study. TAMBOCOR and 
propranolol were each found to have negative inotropic effects; when 
the drugs were administered together, the effects were additive. The 
effects of concomitant administration of TAMBOCOR and propranolol 
on the PR interval were less than additive. In TAMBOCOR clinical 
trials, patients who were receiving beta blockers concurrently did not 
experience an increased incidence of side effects. Nevertheless, the 
ssibility of additive negative inotropic effects of beta blockers and 
lecainide should be recognized. 
Flecainide is not extensively bound to plasma proteins. In vitro stud- 
ies with several drugs which may be administered concomitantly 
showed that the extent of flecainide binding to human plasma pro- 
teins is either unchanged or only slightly less. Consequently, inter- 
actions with other drugs which are highly protein bound (e.g , anti- 
coagulants) would not be expected. TAMBOCOR has been used in a 
large number of patients receiving diuretics without apparent interac- 
tion. Limited data in patients receiving known enzyme inducers 
(phenytoin, phenobarbital, carbamazepine) indicate only a 30% in- 
crease in the rate of flecainide elimination. In healthy subjects receiv- 
ing cimetidine (1 gm daily) for one week, plasma flecainide levels 
increased by about 30% and half-life increased by about 10% 
When amiodarone is added to flecainide therapy, plasma flecainide 
levels may increase two-fold or more in some patients, if flecainide 
dosage is not reduced. (See Dosage and Administration.) 
There has been little experience with the coadministration of 
TAMBOCOR and either disopyramide or verapamil. Because both 
of these drugs have negative inotropic properties and the effects 
of coadministration with TAMBOCOR are unknown, neither disopyr- 
amide nor verapamil should be administered concurrently with 
TAMBOCOR unless, in the judgement of the physician, the benefits of 
this combination outweigh the risks. There has been too little experi- 
ence with the coadministration of TAMBOCOR with nifedipine or 
diltiazem to recommend concomitant use. 
Carcinogenesis, Mutagenesis, Impairment of Fertility. Long-term 
studies with flecainide in rats and mice at doses up to about eight 
times the usual human dose of 8 mg/kg/day (assuming patient weight 
of 50 kg) have not revealed any compound-related carcinogenic 
effects. Mutagenicity studies (Ames test, mouse lymphoma and in 
vivo cytogenetics) did not reveal any mutagenic effects. A rat repro- 
duction study at doses up to 50 mg/kg/day (seven times the usual 
iind ded] did not reveal any adverse effect on male or female 
ertility. 
Pregnancy. Pregnancy Category C. Flecanide has been shown to 
have teratogenic effects (club paws, sternebrae and vertebrae abnor- 
malities, pale hearts with contracted ventricular septum) and an 
embryotoxic effect (increased resorptions) in one breed of rabbit 
(New Zealand White) but not in another breed of rabbit (Dutch Belted) 
when given in doses about four times (but not three times) the usual 
human dose (assuming a patient weight of 50 kg). No teratogenic 
effects were observed in rats and mice given doses up to 50 and 
80 mg/kg/day, respectively; however, delayed sterebral and verte- 
bral ossification was observed at the high dose in rats. Because there 
are no adequate and well-controlled studies in pregnant women, 
TAMBOCOR should be used during pregnancy only if the potential 
benefit justifies the potential risk to the fetus. 
Labor and Delivery. It is not known whether the use of TAMBOCOR 
during labor or delivery has immediate or delayed adverse effects on 
the mother or fetus, affects the duration of labor or delivery, or 
increases the possibility of forceps delivery or other obstetrical 
intervention. 
Nursing Mothers. Limited data suggest that flecainide is excreted in 
human milk. Because of the drug's potential for serious adverse 
effects in nursing infants, a decision should be made whether to 
discontinue nursing or discontinue the drug, taking into account the 
importance of the drug to the mother. 
Pediatric Use. The safety and effectiveness of TAMBOCOR in chil- 
dren less than 18 years of age have not been established. 
Hepatic Impairment. Since flecainide elimination from plasma can 
be markedly slower in patients with significant hepatic impairment, 
TAMBOCOR should not be used in such patients unless the potential 
benefits clearly outweigh the risks. If used, frequent and early plasma 
level monitoring is required to guide — (See Plasma Level 
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-degi ) ients have developed sinus brady- — 
cardia, sinus pause, or sinus arrest, about 1.2% altogether (see — 
Warnings). The —— of most of these serious adverse events 
pony increases with h gi trough plasma levels, especially when 4 
| 


third-degree (0.4%) AV block. 


hese trough levels e tind at | P MS 
There have been rare reports of isolated elevations of serum alkaline —— 
Reco and isolated elevations of serum transaminase levels. — 
ese elevations have been asymptomatic and no cause and effect — 
relationship with TAMBOCOR has been established. In foreign post- — 
marketing surveillance studies, there have been rare reports of he- — 
patic dysfunction including peo of cholestasis and hepatic failure, — 
and extremely rare reports of blood dyscrasias. Although no cause — 
and effect relationship has been established, it is advisable to discon- 
tinue TAMBOCOR in patients who develop unexplained jaundice or — 
signs of hepatic dysfunction or blood dyscrasias in order to eliminate — 
TAMBOCOR as the possible causative agent. mh 
Incidence figures for other adverse effects are based on a multicenter 
efficacy study, utilizing starting doses of 200 mg/day with gradual - 
upward titration to 400 mg/day. Patients were treated for an average - 
of 4.7 months, with some receiving up to 22 months of therapy. in — 
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this trial, 5.4% of patients discontinued due to non-cardiac adverse : 




















effects. Table 1 COR 
Most Common Adverse Effects in Patients Treated With — 

TAMBOCOR in the Multicenter Study j 
Incidence Incidence by Dose T: 
in All During Upward Titration e 
429 200mg/ 300mg/ 400mg ' 
Adverse Patients Day. Dy jd = 
Effect at Any Dose (N=426) (N=293) (N=100) —— 
woe 18.9% 11.0% 10.6% 13.0% v 
isua - 
Disturbancet 15.9% 5.4% 12.3% 1805 
Dyspnea 10.3% 5.295 5% 4.0% D 
Headache 9.6% 4.5% 6.1% 9.0% .— 
Nausea 8.9% 4.9% 4.8% 6.0%  — 
Fatigue 7.7% 4.5% 4.4% 3.0% 2 
Palpitation 6.1% 3.5% 2.4% 7.0%) 
Chest Pain 5.4% 3.1% 3.8% 1.0% 
Asthenia 4.9% 2.6% 2.0% 4.0% é 
Tremor 4.7% 2.4% 3.4% 2.0% 
Constipation 4.4% 2.8% 2.1% 1.0% 
Edema 3.5% 1.9% 1.4% 2 


; à 0% 
Abdominal Pain 3.3% 1.9% 2.4% 10%  — 
* Dizziness includes reports of dizziness, lightheadedness, faintness, 
unsteadiness, near syncope, etc. ; 
tVisual disturbance includes reports of blurred vision, difficulty in 
focusing, spots before eyes, etc. 
In a trial in ambulatory patients with frequent premature ventricular 
complexes and nonsustained ventricular tachycardia utilizing a start- 3 
ing dose of 400 mg/day and a maintenance dose of 400-600 mg/day, — 
the incidence of these adverse experiences was similar, except for 
dizziness (32%) and visual disturbances (28%). 
The following additional adverse experiences, possibly related to 
TAMBOCOR therapy and occurring in 1% to less than 3% of patients, —— 
have been reported in acute and chronic studies: Body as a hole — 
malaise, fever; Cardiovascular — tachycardia, sinus pause or arrest; — 
Gastrointestinal — vomiting, diarrhea, dyspepsia, anorexia; SKin— — 
rash; Visual— diplopia: Nervous System — hypoesthesia, paresthe- ~ 
sia, paresis, ataxia, flushing, increased sweating, vertigo, Syncope, 
somnolence, tinnitus; Psychiatric — anxiety, insomnia, depression. — 
The following additional adverse experiences, possibly related to —— 
TAMBOCOR, have been reported in less than 1% of patients: Body as — 
a Whole— Swollen lips, tongue and mouth; arthralgia, broncho- —— 
spasm, myalgia; Cardiovascular —angina pectoris, second-degree ^ 
and third-degree AV block, bradycardia, hypertension, hypotension; — 
Gastrointestinal —flatulence; Urinary System — polyuria, urinary — 
retention; Hematologic — leukopenia, thrombocytopenia; Skin — - 
urticaria, exfoliative dermatitis, pruritus; Visual—eye pain or irrita- — 
tion, photophobia, nystagmus; Nervous System — twitching, - 
weakness, change in taste, dry mouth, convulsions, impotence, 
speech disorder, stupor; Psychiatric — amnesia, confusion, de- — 
creased libido, depersonalization, euphoria, morbid dreams, apathy. — 
HOW SUPPLIED: — 
TAMBOCOR is supplied as white, round, scored tablets containing — 
100 mg of flecainide acetate and embossed with RIKER on one side 
and TR 100 on the other side. 


Manufactured by: TR-5A 
Riker Laboratories, Inc./3M 
St. Paul, Minnesota 55144 * 
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References: 1. The Flecainide-Quinidine Research Group: Flecainide 
versus quinidine for treatment of chronic ventricular arrhythmias: KA 
multicenter clinical trial. Circulation 1983;67:1117. 2. Hodges M, — 
Salerno DM, Granrud G, et al: Flecainide versus quinidine: Results of 
a multicenter trial. Am J Cardio! 1984;53(5):66B. 3. Tambocor* — 
Aeris acetate) prescribing information, Riker Laboratories, Inc. 
. Morganroth J, Anderson JL, Gentzkow GD: Classification by ty 
of ventricular arrhythmia predicts frequency of adverse cardiac 
events from flecainide. J Am Coll Cardiol 1986;8:607. 









© 3M Riker —1988 
RK TM-1501 


TELLYOUR 
i PATIENTS THEIR 
CHO 








LESTEROL NUMBER.. 
BEFORE THEY ASK. 








Reducing high blood cholesterol reduces the risk of heart disease. That's why we're telling Americans— 
through a national public service advertising campaign—to know their cholesterol number. Your patients 
may soon be asking you for their number and what it means. 

And when they do, we can help. The National Cholesterol Education Program, administered by the 
National Heart, Lung, and Blood Institute, has developed adult treatment guidelines to help you identify 
high-risk patients and use the appropriate diet and/or drug therapy for those with elevated cholesterol levels. 

Help your patients reduce their risk of heart disease. For a free copy of the Report of the Expert Panel 
on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults, com plete the form below. 
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National Cholesterol Education Program 
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Bethesda, MD 20892 
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This year, nearly 1,000 people 
will be killed by handguns. * But 
in the next day alone, over 1,000 
people will be killed by ischemic 
heart disease. Tomorrow, another 
1.000. And by the time the vear is 
out, over one-half million lives will 
have been taken by the disease." 

[s there anything you can do to 
prevent this? 

Yes. You can monitor patients 
for ischemia. Because detection of 
the disease is the necessary first 
step in treating it. 

For too long now, physicians 
have had to rely on a single day 
of Holter monitoring to uncover 
ischemia. But because of the day- 
to-day variability of the disease, a 
single day of monitoring is simply 
inadequate. A recent study has 
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now determined that you must 
monitor for no less than 48 hours to 
ensure an accurate assessment of 
the severity of ischemia." 

That is why. for optimal manage- 
ment of ischemia, physicians need 
to assess the ongoing cardiac 
condition with a multi-day cardiac 
monitor. 

A monitor that can be worn 
comfortably by a patient for up to 
eight days, virtually artifact-iree. 


A monitor that can produce thorough, 


understandable cardiac reporting in 
a matter of minutes, without tapes, 
technicians, or an expensive base 
station. A monitor that is cliniealh 
validated for detecting ST depres- 
sion—100% sensitive and 92% 
specific. t 

Q-Med knows what is needed 
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for optimal management of ischemia 
because Q-Med has engineered the 
optimal ischemia monitor— Monitor 
One TC™. . . now in two channels. 

If you are serious about con- 
fronting ischemia, think about this: 
In the minute it takes you to read 
this page, someone will die from 
ischemia. Shouldn't you be using 
the best technology available to 
manage it? 

For more information, call 
1-800-237-2039. (In New Jersey. 
call collect, 201-381-6880. ) 


References: 1 Data on file, Q-Med, Inc. 2. National Center for Health 
Statistics: Annual summary of births, marriages, divorces, and deaths 
United States, 1985. Monthly Vital Statistics Report, US Dept of Health 
and Human Services publication No. (PHS) 86-1120. Hyattsville, Md 
Public Health Service, Sept 19. 1986, p 21. 3. Tzivoni D, Gavish A, Keren 
A, et al: Day-to-day variations of ischemic changes on Holter monitor- 
ing, abstracted. Circulation 1986;74(suppl 1I):11-507 


*Figure based on average yearly homicides by handgun 1979-1984 


tClinically validated at Harvard University, University of California, San 
Francisco, and the Hallstrom Institute of Cardiology, University of 
Sydney, Australia 
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schemia kills more people in one day 
than handguns Kill in a year 
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CARDIOLOGISTS 


Invasive and Non-Invasive 


This 180 physician, multispecialty group currently has asso- 
ciateships available in the above specialties. The group is hos- 
pital-based in Northeastern Pennsylvania at the New York 
State border. Our state of the art facility offers medical school 
teaching affiliations as well as clinical research opportunities. 
Residency programs are conducted in Internal Medicine and 
General Surgery. A program in Cardiology is being developed. 


Physicians seeking challenging and rewarding practice oppor- 
tunities, excellent salaries and benefits, combined with rural 
living and endless recreational opportunities are encouraged 
to submit a letter and Curriculum Vitae to: 
GUTHRIE Clinic Ltd. 
Sayre, PA 18840 
(717) 888-5858 


ATTN: Donald R. Weaver, M.D. 
Medical Director 
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Proceedings of the Third International Symposium 
London, England, May 21-23, 1985 













The most up-to-date presentation of | 
the latest data on the entire range of 
clinical, bioengineering, pathologyv, 
and long-range follow-up issues 
on cardiac tissue valves. 


edited bv Endre Bodnar, MD, 

and Magdi Yacoub, FRCS 

ISBN 0-914316-49-4, 920 pp., i 
May, 1986, $125.00 


To order vour copy of this important new book 
use the order form below. 


The Third International Symposium on Cardiac Bioprostheses was held May Table of Contents 
21-23. 1985, at the Grosvenor House Hotel, London. Six years have passed since Section 1 CLINICAL ANALYSIS 
the first meeting of this kind was held in Munich and 3 vears since the second — Section 2 HEMODYNAMICS 


conference in Rome. The reassessment of the state of the art with biologic and Sacilon 3 


bioprosthetic valves seems to have become a regular 3-vearlv fixture THROMBOEMBOLISM 
reflecting the fast development of these devices, as well as the desire of Section 4 PEDIATRIC VALVE 
surgeons and academics working in this field to share experiences, exchange REPLACEMENT 1 
ideas, and to resolve problems together. Section 5 EXPERIMENTAL 
The London meeting brought together surgeons, cardiologists, pathologists, PATHOLOGY 
engineers, and basic scientists, and the 3-day program accommodated 96 Section 6 EXPLANT 
formal presentations with nearly 7 hours of discussion. It is a credit to the PATHOLOGY 
session chairmen and participants that the discussions were frank, outspoken, Section 7 BIOPROSTHETIC 
but fair and alwavs to the point, and thev have been added to this volume, BIOENGINEERING 
and they certainly enhance its value. Section 8 LONG-TERM 
This volume incorporates the work of the best specialists in the field, and FOLLOW-UP 
should not be missing from vour own professional library. Section 9 SUMMING UP 


The Editors are eminently qualified to do this book, Dr. Bodnar is with the 


Cardiothoracic Institute, London, England, and Mr. Yacoub is with Haretield AUTHOR INDEX 








Hospital, Middlesex, England. SUBJECT INDEX 
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| Please send me Biologic Bioprosthetic Valves on 30 day approval. | 
| C] Enclosed is mv check for $125.00 plus $1.50 for handling. Yorke pavs postage (same return privilege). | 
| [ ] Please charge mv C) VISA C] MasterCard (same return privilege). | 
| Card No. MC Interbank No. | 
| | 
| Exp. date signature BIENES. | 
| [.] Please bill me plus postage and handling. | 
| Name 
| Address | 
| | 
| City — NUI a MD 
| Send orders to: | 
| Yorke Medical Books, Box C-757, Brooklyn, NY | 11205 i 











PROCAN* SR (procainamide hydrochloride tablets) 
SUSTAINED RELEASE 

Before prescribing, please see full prescribing information. 
A Brief Summary follows. 






The prolonged administration of procainamide often leads to the development of a 
positive antinuclear antibody (ANA) test with or without symptoms of lupus erythema- 
tosus-like syndrome. If a positive ANA titer develops. the benefit/risk ratio related to 
continued procainamide therapy should be assessed. This may necessitate consid- 
eration of alternative antiarrhythmic therapy. 








INDICATIONS AND USAGE: Ora! procainamide is indicated in the treatment of premature 
ventricular contractions, ventricular tachycardia, atrial fibrillation, and paroxysmal atrial 
tachycardia 

CONTRAINDICATIONS: Hypersensitivity to procainamide is an absolute contraindication 
In this connection, cross-sensitivity to procaine and related drugs must be borne in mind 

Procainamide should not be administered to patients with complete atrioventricular 
heart block. It is also contraindicated in cases of second degree and third degree A-V 
nodal block unless an electrical pacemaker is operative. 

It has been suggested that procainamide be contraindicated in patients with myasthe- 

nia gravis. 
WARNINGS: Granulocytopenia may follow the use of procainamide, and deaths from sep- 
Sis have occurred Leukocyte changes are most likely to occur during the first three 
months of therapy. During this time routine blood counts should be done at least every two 
weeks, and thereafter at longer intervals throughout maintenance procainamide therapy 
Complaints of malaise and aches (a flu-type syndrome) are often reported in association 
with the granulocyte depression 

Patients should be instructed to report such symptoms promptly, as well as any sore- 
ness of mouth, throat or gums, unexplained fever, or symptoms of an upper respiratory 
tract infection. If these should occur and a complete blood count indicates a granulocyte 
depression, procainamide therapy should be discontinued immediately and appropriate 
treatment instituted. Recovery of leukocyte count usually occurs within a few weeks 

The incidence of granulocytopenia appears to be higher with procainamide sustained- 
release tablets than with standard tablets 
PRECAUTIONS: General—During administration of the drug, evidence of untoward 
myocardial responses should be carefully watched for in all patients In the presence of an 
abnormal myocardium, procainamide may at times produce untoward responses. In atrial 
fibrillation or flutter, the ventricular rate may increase suddenly as the atrial rate is slowed. 
Adequate digitalization reduces. but does not abolish, this danger If myocardial damage 
exists, ventricular tachysystole is particularly hazardous. Correction of atrial fibrillation. 
with resultant forceful contractions of the atrium, may cause a dislodgement of mural 
thrombi and produce an embolic episode. However, it has been suggested that, in a 
patient who is already discharging emboli, procainamide is more likely to stop than to 
aggravate the process. 

Attempts to adjust the heart rate in a patient who has developed ventricular tachycardia 
during an occlusive coronary episode should be carried out with extreme caution. Caution 
IS also required in marked disturbances of atrioventricular conduction such as A-V block. 
bundle branch block, or severe digitalis intoxication, where the use of procainamide may 
result in additional depression of conduction and ventricular asystole or fibrillation 

Because patients with severe organic heart disease and ventricular tachycardia may 
also have complete heart block, which is difficult to diagnose under these circumstances, 
this complication should always be kept in mind when treating ventricular arrhythmias with 
procainamide. If the ventricular rate is significantly slowed by procainamide without attain- 
ment of regular atrioventricular conduction, the drug should be stopped and the patient 
reevaluated since asystole may result under these circumstances 

In patients receiving normal dosage, but who have both liver and kidney disease, symp- 
toms of overdosage (principally ventricular tachycardia and severe hypotension) may 
occur due to drug accumulation. 

Serious hypotension can result from peripheral vasodilation and from decreases in car- 
diac output. At high plasma levels, procainamide may produce sinus tachycardia due to 
reflex sympathetic response to its hypotensive effect Large doses may increase cardiac 
automaticity and can induce complete atrioventricular block, cardiac standstill, or ventric- 
ular extrasystoles that may proceed to ventricular fibrillation. These effects on the myocar- 
dium are reflected in the electrocardiogram: a widening of the QRS complex occurs most 
consistently; less regularly, the P-R and Q-T intervals are prolonged, and the QRS and T 
waves show some decrease in voltage 

Antinuclear antibodies (ANA) are often found in patients receiving long-term pro- 
cainamide therapy The induction of ANA appears to be independent of dosage Patients 
with procainamide-induced increases in ANA titers may develop a syndrome resembling 
systemic lupus erythematosus (SLE). The mechanism of this syndrome is uncertain 
Polyarthralgia, arthritic symptoms, and pleuritic pain are common symptoms: to a lesser 
extent fever, myalgia, skin lesions, pleural effusion, pericarditis, headache. fatique, weak- 
ness, nausea and abdominal pain may occur. Rare cases of thrombocytopenia, Coombs' 
positive hemolytic anemia, increased SGOT, SGPT, and serum amylase have been 
reported which may be related to this SLE-like syndrome 

Itis recommended that tests for systemic lupus erythematosus be carried out at regular 
intervals in patients receiving maintenance procainamide therapy. The drug should be dis- 
continued if there is a rising ANA titer or clinical symptoms of SLE appear The SLE-like syn- 
drome may be reversible upon discontinuation of the drug If discontinuation does not 
cause remission of the symptoms, corticosteroid therapy may be effective. If the SLE-like 
syndrome develops in a patient with recurrent life-threatening arrhythmias not controllable 
by other antiarrhythmic agents, corticosteroid suppressive therapy may be used concom- 
itantly with procainamide. 

Information for Patient—Practitioners should give the following information and instruc- 
tions to patients receiving Procan SR 

1. Do not crush or chew these tablets. Swallow them whole 

2. Take this medicine exactly as directed by your doctor. Do not miss any doses and do 
not take more medicine than ordered. Do not stop taking this medicine without first check- 
ing with your doctor 


3. If you miss a dose and remember within one hour or so, take it as soon as possible. 
Then go back to your regular dosing schedule Do not take double doses If you have any 
questions about this, check with your doctor 

4 Report to your doctor any flu-type symptoms. such as malaise and aches, as well as 
any soreness of the mouth, throat or gums, unexplained fever, skin rash, unusual bleeding 
or bruising. symptoms that resemble arthritis. or symptoms of an upper respiratory tract 
infection 

5 Do not be concerned if you occasionally notice in your stool something that looks like 
a tablet. In Procan SR (procainamide hydrochloride tablets), the drug is ‘held’ in a wax core 
that has been specially designed to slowly release the drug for your body to absorb. When 
this process is completed the empty, nonabsorbable wax core, which looks nearly 
unchanged, is eliminated from your body 

6 Keep container tightly closed and store in a cool, dry place. 

Laboratory Tests — Patients receiving procainamide for extended periods of time, or in 
whom symptoms suggestive of a lupus-like reaction appear, should have antinuclear anti- 
body titers measured at regular intervals 

Routine blood counts are advisable during maintenance procainamide therapy. See 
WARNINGS for additional information 

Plasma concentrations of procainamide and NAPA should be monitored in patients with 
renal disease, hepatic disease, cardiac failure, or low cardiac output states 
Drug Interactions 

1. Antiarrhythmics: Concurrent use with procainamide may result in additive cardiac 
effects and/or additive toxic effects 

2. Anticholinergics: Procainamide enhances the anticholinergic effects. Extreme cau- 
tion must be exercised with such a combination 

3. Anticholinesterases: Procainamide antagonizes the effect of anticholinesterases in 
myasthenia gravis, and paralysis returns 

4. Antihypertensives: Procainamide may potentiate the hypotensive effects of thiazide 
diuretics and other antihypertensive agents. Adjustment of dosage may be required. 

5. Cimetidine: |t has been reported that the histamine H5-antagonist cimetidine reduces 
renal clearance of procainamide and NAPA, resulting in higher plasma concentrations for 
longer durations. Caution should be exercised when administering these drugs concur- 
rently, especially in the elderly, wno have a reduced ability to clear all three. Dosage modifi- 
cation may be required 

6 Neuromuscular Blocking Agents: Procainamide potentiates the effects of skeletal 
muscle relaxants such as succinylcholine. It also may enhance or prolong the neuromus- 
cular blocking activity of bacitracin, colistimethate, dihydrostreptomycin, gentamicin, 
gramicidin, kanamycin, neomycin, polymyxin B. streptomycin, and viomycin, producing 
respiratory depression 
Pregnancy —Pregnancy Category C. Animal reproduction studies have not been con- 
ducted with procainamide. It is also not known whether procainamide can cause fetal 
harm when administered to a pregnant woman or can affect reproduction capacity. Pro- 
cainamide should be given to a pregnant woman only if clearly needed 
Nursing Mothers— It is not known whether this drug is excreted in human milk. Because 
many drugs are excreted in human milk, caution should be exercised when procainamide 
IS administered to a nursing woman 
ADVERSE REACTIONS: Most frequent, especially with large oral doses: 

1 Anorexia 2 Nausea 3. Vomiting 4 Diarrhea 5. Urticaria 6 Pruritus. 

Less frequent: 1 Reactions in patients on long-term procainamide therapy: a Antinuclear 
antibodies (ANA) b. Syndrome resembling systemic lupus erythematosus (SLE) (See 
PRECAUTIONS) 

2 Hypersensitivity reactions: a. Angioneurotic edema b. Maculopapular rash c. Fever 
d. Eosinophilia e Hypergammaglobulinemia 
Infrequent: 1 Granulocytopenia, sometimes resulting in death (See WARNINGS) 2. Con- 
vulsions 3. Psychosis with hallucinations 4. Confusion 5. Mental depression 6. Giddiness 
7. Lightheadedness 8. Weakness 9. Bitter taste 
Rare: 1. Hypotension 2. A case was reported with fever and chills plus nausea, vomiting, 
abdominal pain, acute hepatomegaly, and a rise in serum glutamic oxaloacetic trans- 
aminase following a single dose of the drug 
OVERDOSAGE: Signs and symptoms of overdosage of procainamide include severe 
hypotension, ventricular fibrillation, widening of the QRS complex, junctional tachycardia, 
intraventricular conduction delay, oliguria, lethargy. confusion, nausea, and vomiting. 

If ingestion is recent, gastric lavage or emesis may reduce absorption. Dopamine, 
phenylephrine or levarterenol may be helpful in reversing severe hypotensive responses. 

Management of overdosage includes symptomatic treatment with ECG and blood pres- 
sure monitoring. Procainamide toxicity can usually be treated, if necessary, by administer- 
ing vasopressors after adequate fluid volume replacement. Intravenous infusion of 1% 
molar sodium lactate injection reportedly reduces the cardiotoxic effects of procainamide 

The urinary elimination of procainamide is proportional to the glomerular filtration rate 
but is also affected by changes in urinary pH. Procainamide is relatively lipid-soluble as a 
free base, but the ionized form is not. Acid urine, therefore, leads tò ion trapping of pro- 
cainamide which enters the urine by passive diffusion from the plasma. Accordingly, renal 
clearance of procainamide can be considerably increased by maintaining a low urinary 
pH and high flow rates 

If procainamide toxicity causes severe hypotension and renal insufficiency, urinary elim- 
ination of procainamide and NAPA is decreased, and hemodialysis may be required 
Hemodialysis significantly reduces the serum half-life of procainamide, and effectively 
removes procainamide and NAPA. Peritoneal dialysis is not effective. 

It has been reported that one patient who ingested approximately 7 grams of pro- 
cainamide hydrochloride recovered after treatment consisting of IV levarterenol, IV furo- 
semide, attempted volume expansion with albumin. and hemodialysis Also reported is the 
case of an elderly patient who recovered after ingestion of approximately 19 grams of pro- 
cainamide hydrochloride. The patient was treated with IV isoproterenol and IV epineph- 
rine. The latter report suggested that insertion of a ventricular pacing electrode is a 
reasonable precautionary measure in case high grade A-V block develops 


Storage Conditions— Protect from moisture. Store bottles below 30° C (86° F). Store 
unit-dose packages at controlled room temperature, 15°-30° C (59°-86°F). — 0207G012 
Caution: Federal law prohibits dispensing without prescription. 
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Enhances the value of oral procainamide 
for selected cardiac dysrhythmias 
With modern sustained-release Procan SR, short duration of effect 
no longer impedes the usefulness of procainamide for maintenance therapy. 
A standard medication now assumes greater importance, both in terms of 
convenience and patient compliance. 


Administered half as often as conventional oral procainamide 





Wide versatility in cardiac conditions 
Can be used concomitantly with digoxin 
Ideal maintenance therapy 


— Procon SR... — 
the original sustained-release oral procainamide 





o7. YS 42) [0] E o] ce) 4 





A Symposium: 
Rilmenidine—A Novel Alpha» Agonist 


Antihypertensive Agent ~ 


Editors: 
Colin T. Dollery, FRGP 


Michel E. Safar, MD 


A-YORKE MEDICAL JOURNAL t 
CAHNERS PUBLISHING COMPANY 


Jo CS 
d.k 
mA 
Dy E 


w^ 


The American Journal of 


CARDIOLOGY. 








EDITOR-IN-CHIEF 


William C. Roberts, MD Mia Mischuk 


MANAGING EDITOR, SPECIAL PROJECTS 
Judith Wagner 


PRODUCTION EDITOR 


PUBLISHER, SPECIAL PROJECTS 
Kenton T. Finch 


PROOF EDITOR 
Mary Crowell 





A Symposium: 


Rilmenidine—A Novel Alpha, Agonist 


Antihypertensive Agent 


Editors: 

Colin T. Dollery, FRCP 

Department of Clinical Pharmacology 
Royal Postgraduate Medical School 
London, UK 


Michel E. Safar, MD 

Centre de Diagnostic et Centre de 
L ‘Hypertension Arterielle 

Hopital Broussais 

Paris, France 


This symposium was held September 7, 1986, in Alte Aula, 


University of Heidelberg, Federal Republic of Germany. 
It was presented in conjunction with the 11th Scientific 


Meeting of the International Society of Hypertension, 
and was supported by the Institute de Recherches 
Internationales Servier and Laboratoires Biopharma. 





THE AMERICAN JOURNAL OF CARDIOLOGY * (ISSN 0002-9149] February 24, 1988, Vol. 61, 
No. 7 (USPS: 505-750]. 


Member, American Business Press, Inc. and Audit Bureau of Circulations. Published 2 times in 
March, May, June, July, August, October and December, 3 times in January, April, September and 
November and 4 times in February, by The Cahners Publishing Company, A Division of Reed 
Publishing USA, 275 Washington Street, Newton, Massachusetts 02158-1630. Terrence M. McDer- 
mott, President; Robert L. Krakoff, Executive Vice President; Carroll V. Dowden, Group Vice 
President; Jerry D. Neth, Vice President/Publishing Operations; J. J. Walsh, Financial Vice Presi- 
dent/Magazine Division; Thomas J. Dellamaria, Vice President/Production and Manufacturing. 


SUBSCRIPTIONS: Solicited only from cardiologists and other physicians. Publisher reserves the right 
to refuse unqualified subscribers. Subscribers agree that no article or any part thereof published in any 
editions of the American Journal of Cardiology received under this subscription agreement may be 
copied, recorded or reproduced in any form or by any means, electronic or mechanical, including, 
among other things, photocopying or the storing of part or all of such articles on any information 
retrieval system, without the written permission of the Publisher. Address correspondence regarding 
subscriptions and changes of address to: THE AMERICAN JOURNAL OF CARDIOLOGY, 44 Cook 
Street, Denver, Colorado 80206-5191 (1-800-327-9021). Please include your zip code and, in case of 
change of address, copy of old address label. Changes of address must reach the Journal one month 
preceding month of issue. Single copy price: Regular issues $10.00; Symposium and special issues 
$12.00. Subscription rate for individuals in field of publication: United States 1 year $66, 2 years 


$111, 3 years $150; Canada 1 year $87, 2 years $147, 3 years $212; Foreign 1 year $92 (additional 
$155 air mail), 2 years $158, 3 years $200. Residents, Interns, Medical Students: United States $40, 
Canada $78, Foreign $84. U.S. institutions 1 year $81, 2 years $138, 3 years $186. The Journal 
is not responsible for replacing missing issues unless the Circulation Department is notified of non- 
receipt within 3 months of issue date. 


Second class postage paid at Denver, CO, and at additional mailing office. Printed in U. S. A. 
Trademark™ in U. S. Patent Office. © Copyright 1988 by Reed Publishing USA: Saul Goldweitz, 
Chairman; Ronald G. Segel, President and Chief Executive Officer. All rights reserved. No part of 
this publication may be reproduced or transmitted in any form or by any means, electronic or 
mechanical, including photocopying, recording or by any information storage retrieval system, 
without permission of the copyright owner. Prices on bulk reprints of articles available on request. 


The Publisher assumes no liability for any material published in the Journal. All statements are the 
responsibility of the authors. 


MANUSCRIPTS: Address all manuscripts to William C. Roberts, MD, Editor-in-Chief, The Ameri- 
can Journal of Cardiology, 7960 Old Georgetown Road, Suite 2C, Bethesda, Maryland E k 


POSTMASTER: Send address changes to The American Journal of Cardiology, 44 Cook — 
Denver, Colorado 80206-5191. 


Cahners Publishing Company, A Division of Reed Publishing USA D Specialized Business Magazines for Building & Construction à Manufacturing O Foodservice & Lodging O Electronics & Computers n 
Interior Design O Printing O Publishing O Industrial Research & Technology O Health Care o Entertainment. Specialized Consumer Magazines: American Baby and Modern Bride 





Publisher's Note 


The opinions expressed in this presentation are those of the panelists and are not attribut- 


v 


| able to the sponsor or the publisher, editor, or editorial board of The American Journal of 


^ 
m 


| Cardiology. Clinical judgment must guide each physician in weighing the benefits of 
| treatment against the risk of toxicity. References made in the articles may indicate uses 
| of drugs at dosages, for periods of time, and in combinations not included in the current. 
| prescribing information. | 


"s r 
>, LT NN 











FEBRUARY 24, 1988 


;ontents 


18D 


220 


32D 


35D 





A SYMPOSIUM: RILMENIDINE—A NOVEL ALPHA? AGONIST 
ANTIHYPERTENSIVE AGENT 


Advantages and Disadvantages of Alpha,-Adrenoceptor Agonists 
for Systemic Hypertension 
Colin T. Dollery 


Pharmacology of the Alpha;-Adrenoceptor Agonist Rilmenidine 
Pieter A. Van Zwieten 


Sites of Actions of Alpha; Agonists in the Brain and Periphery 
William J. Louis, Bevyn Jarrott, and Elizabeth L. Conway 


Sites of Action of Alpha; Agonists and Antagonists 
Morris J. Brown 


Cardiovascular and Central Nervous System Effects 
of Rilmenidine (S 3341) in Rats 

Elisabeth Koenig-Berard, Caroline Tierney, Bertrand Beau, 
Giséle Delbarre, Frangois Lhoste, and Claude Labrid 


Action of Rilmenidine on Locus Ceruleus and Dorsal Raphe Cells 
In Vivo and In Vitro 
Albert Dresse, Jacqueline Scuvée-Moreau, and Vincent Seutin 


Effects of Two Alpha; Agonists, Rilmenidine and Clonidine, 
on the Morphine Withdrawal Syndrome and Their Potential 
Addictive Properties in Rats 

Caroline Tierney, Dominique Nadaud, Elisabeth Koenig-Berard, 
and Louis Stinus 


Effects of Continuous Infusions (10 Days) and Cessation of 
Infusions of Clonidine and Rilmenidine (S 3341) on Cardiovascular 
and Behavioral Parameters of Spontaneously Hypertensive Rats 
Bevyn Jarrott, Stephen J. Lewis, Austin E. Doyle, and William J. Louis 


Effects of Rilmenidine on Bronchomotor Responses 
in the Guinea Pig 
Isabelle Macquin-Mavier, Christine Clerici, and Alain Harf 


Pharmacokinetics of Rilmenidine in Healthy Subjects 
Patrick Genissel, Norbert Bromet, Jean Bernard Fourtillan, 
Alain Mignot, and Henri Albin 


VOLUME 61 


NUMBER 7 


54D 


60D 


67D 


12D 


16D 


81D 


86D 


91D 


95D 


103D 





Pharmacokinetics of Rilmenidine 
Eric Singlas, Jean Daniel Ehrhardt, Paul Zech, 
Nicole Pozet, and Patrick Genissel 


Dose and Concentration-Effect Relations for Rilmenidine 
Colin T. Dollery, Donald S. Davies, Jacques Duchier, Bruno Pannier, 
and Michel E. Safar 


Hemodynamic and Electrophysiologic Effects of a New Alpha;- 
Adrenoceptor Agonist, Rilmenidine, for Systemic Hypertension 
Faiez Zannad, Etienne Aliot, Jacqueline Florentin, 

Jean-Pierre Saulnier, and Jean-Marie Gilgenkrantz 


Noninvasive Study of Cardiac Structure and Function 
After Rilmenidine for Essential Hypertension 
Alix N'Guyen Van Cao, Bernard Levy, and Robert Slama 


Efficacy and Acceptability of Rilmenidine for Mild to Moderate 
Systemic Hypertension 

Gérard Ostermann, Brigitte Brisgand, Jean Schmitt, 

and Jean-Paul Fillastre 


A Multicenter Double-Blind Comparative Study of Rilmenidine 
and Clonidine in 333 Hypertensive Patients 

Jean-Paul Fillastre, Brice Letac, Fernand Galinier, 

Gérard Le Bihan, and Jean Schwartz 


Antihypertensive Efficacy and Acceptability of Rilmenidine 
in Elderly Hypertensive Patients 
Pierre Galley, Gerard Manciet, Jean-Luc Hessel, and Jean Pierre Michel 


Treatment of Systemic Hypertension in Insulin-Treated 
Diabetes Mellitus with Rilmenidine 

Muteba Mpoy, Bernard Vandeleene, Jean-Marie Ketelslegers, 
and André E. Lambert 


Efficacy and Safety of Rilmenidine for Arterial Hypertension 
Bertrand Beau, Florence Mahieux, Marie Paraire, Sylvie Laurin, 
Brigitte Brisgand, and Philippe Vitou 


Concluding Remarks 
Michel E. Safar 





*^ 


FO 








FEBRUARY 24, 1988 


The American Journal of CARDIOLOGY* 


VOLUME 61 


NUMBER 7 


A Symposium: Rilmenidine—A Novel Alpha; Agonist Antihypertensive Agent 


Advantages and Disadvantages of Alpha;-Adrenoceptor 
Agonists for Systemic Hypertension 


COLIN T. DOLLERY, FRCP 


Alpha;-receptor agonists are effective antihyperten- 
sive drugs that reduce sympathetic activity by both 
central and peripheral mechanisms. Plasma nor- 
adrenaline and renin concentrations are reduced. 
Hemodynamic disturbances are minor with a near- 
normal cardiovascular response to standing, exer- 
cise and volume depletion. 

The main problems are due to central adverse 
effects, particularly sedation, and a syndrome of 


b. are many different antihypertensive drugs in 
use or under development but they can be classified 
into a few major groups: (1) sympathetic inhibitors, (2) 
centrally acting drugs, (3) renin-angiotensin inhibitors, 
(4) diuretics, and (5) vasodilators (Table 1). 

A number of drugs combine more than 1 type of 
action, e.g., labetalol, which is an inhibitor of both a 
and 8 receptors, and pindolol, which has both 8-recep- 
tor agonist and antagonist properties. Attempts to de- 
velop drugs within a combined action in a single 
chemical entity have had limited success, mainly be- 
cause it is difficult to achieve an optimal balance. 

The choice between these different classes of drugs 
is difficult but rests upon 1 or more of a limited number 
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sympathetic overactivity on sudden withdrawal. 
These problems can be minimized by using lower 
doses, while therapy with a useful antihypertensive 
drug is maintained. Clonidine and its analogs have a 
low toxicity and very few contraindications. They re- 
main a useful part of the therapeutic armamentari- 
um in hypertension. 


(Am J Cardiol 1988;61:1D—-5D) 


of criteria: (1) reversal of the causal mechanism, (2) 
most effective prevention of morbidity and mortality, 
(3) most effective control of blood pressure, (4) least 
physiologic disturbance, (5) least toxicity, and (6) great- 
est acceptability to the patient (Table II). Although 
there may not be universal agreement on the rankings 
in this table, all physicians who treat hypertension 
would accept that different types of drugs emerge as 
the winners in different categories. 

In practice, a specific treatable causal mechanism 
is not known in most hypertensive patients (>95%). 
There is, unfortunately, only a very limited amount of 
data on the effect of different classes of drugs upon 
morbidity and mortality. It is widely assumed that any 
safe method of reducing blood pressure will reverse 
hypertensive heart failure, prevent progression into 
malignant hypertension and prevent cerebral hemor- 
rhage. This assumption may be correct but, if so, it 
applies almost entirely to patients with very severe 
hypertension. It is probably not true of cerebral infarc- 
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—F The Main Types of Antihypertensive Drugs 
CONI Physiologic Pharmacologic 
Le Effect Action Example 
| | Sympathetic inhibition ^ Ganglion blockade Mecamylamine 
eek Adrenergic blockade ^ Guanethidine 
i} | a blockade Phenoxybenzamine 
8 o, blockade Prazosin 
| B blockade Propranolol 
| B4 blockade Atenolol 
Central action a? agonist Clonidine 
| Opiate receptor Morphine 
| agonist 
. Renin-angiotensin ACE inhibition Captopril 
-Inhibition Renin inhibitor H-142 
=  Diuretic Thiazide Chlorothiazide 
- | Aldosterone Spironolactone 
Ri antagonist 
n | Loop diuretic Frusemide 
Pteridine Triamterene 
EST. Natriuretic peptide a-ANP 
Bs | Vasodilator Direct-acting Hydralazine 
| Calcium channel Nifedipine 
inhibitor 
' 
| 


ACE = angiotensin-converting enzyme; ANP = atrial natriuretic peptide. 
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TABLE I| Criteria for Selection of Antihypertensive Drugs 
| | Objective Examples 
E . Control the cause Phenoxybenzamine in pheochromocy- 
RT toma 
E Spironolactone in primary hyperaldo- 
— steronism 
h E — morbidity and mortality Bendrofluazide in smokers, 
j |. in mild hypertension propranolol in male 
E nonsmokers 
|... Control blood pressure in severe Minoxidil 
|». hypertension 
* Least physiologic disturbance Low-dose diuretic or low-dose 
CAN | a? agonists 
|. Least toxicity Clonidine 


Gr reatest patient acceptance Captopril 
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key i in patients with mild hypertension in which the 
EL Medical Research Council (MRC) trial suggested that 
ane 2 thiazide diuretic, bendrofluazide, is substantially 
... more effective than propranolol i in preventive stroke, 
— particularly in smokers.! It is possibly not true of 
— coronary events in which both the MRC and the Inter- 
— national Prospective Primary Prevention Study in Hy- 
.  pertension trials? suggested a primary preventive ef- 
_ fect of 8 blockade, but one that is confined to male 
. nonsmokers. 
— : _ There isno clear winner purely in terms of efficacy 
: a blood pressure reduction. Most antihypertensive 
drugs that are on the market are capable of reducing 
—. blood pressure in most patients who are treated with 
bs see but despite this, poor blood pressure control re- 
ains an important problem. In patients in whom 
E pressure is most severe and difficult to control, 
minoxidil often succeeds when other drugs have 
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Most antihypertensive drugs cause severe distur- 
bances to the normal physiologic regulation of the cir- 
culation, because their hypotensive effect depends on 
a high degree of inhibition of 1 of the main control 
mechanisms. 

Beta-receptor blocking drugs restrict the cardiac 
output, especially during exercise, hypoxia and hypo- 
volemia. Consequently, patients experience symptoms 
of cold extremities, lethargy, easy fatigability on effort 
and a deficient response to acute blood or fluid loss. 
Angiotensin-converting enzyme inhibitors seriously 
impair the physiologic response to salt depletion and 
may cause severe hypotension, and even renal failure 
in patients who have been overtreated with diuretics 
or suffer acute fluid loss from diarrhea or vomiting, or 
both. Diuretics cause depletion of salt and water and it 
has been suggested that this may make patients more 
vulnerable to the effects of acute blood loss after trau- 
ma. Vasodilators cause stimulation of the baroreflex 
with increased heart rate, increased sympathetic activ- 
ity and changes in capillary pressure, which often lead 
to formation of edema. 

Most of these problems are containable by appro- 
priate advice and precautions, but a drug that modulat- 
ed normal control mechanisms rather than inhibiting 1 
of them would be an attractive alternative. The drugs 
likely to cause the least physiologic disturbance are 
low doses of thiazide diuretics or low doses of o; 
agonists. 

Antihypertensive drugs are given for very long pe- 
riods of time to patients with a relatively low risk of 
morbid events. For example in the MRC trial, the high- 
est risk group, male cigarette smokers taking placebo, 
had 4.3 strokes and 12.6 coronary events per 1,000 pa- 
tient years. To be acceptable for long-term use in this 
type of mild hypertension, the incidence of serious 
toxicity must be extremely low and mild toxicity 
should also be low. In the MRC trial, the incidence of 
serious adverse effects was low but mild toxicity was 
comparatively common. In men taking bendroflua- 
zide, the incidence of drug withdrawal due to glucose 
intolerance was 7.7 per 1,000 patient/years, gout 12.8 
per 1,000 patient/years and impotence 12.6 per 1,000 
patient/years. In men taking propranolol, withdrawals 
due to Raynaud's phenomenon were 5.1 per 1,000 pa- 
tient/years and to dyspnea, 7.1 per 1,000 patient/ 
years.! Although it is not rational to compare the seri- 
ousness of an attack of gout or dyspnea with a stroke or 
coronary event, it is noteworthy that the incidence of 
moderate drug toxicity was similar to or greater than 
the incidence of morbid events due to the disease the 
drug is designed to treat. Of all the drugs in wide use to 
treat hypertension, clonidine has the lowest incidence 
of reported toxicity, probably because it has a very 
specific action with high activity per unit weight, 
which makes nonspecific effects on other systems less 
likely. A drug is of no use if the patient will not take it 
and the value of saving a stroke at the price of many 
years of misery due to drug side effects is not self 
evident. The acceptability of drugs by patients has 
only recently begun to receive the attention it de- 
serves. Among present-day drugs, the angiotensin- 
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converting enzyme inhibitors appear to have the low- 
est incidence of symptomatic adverse effects. Patient 
compliance also appears to be adversely affected by 
complex regimens and the need to take drugs in the 
middle of the day. 


Alpha; Agonists 

Background: The discovery of the antihypertensive 
action of both methyldopa and clonidine had a large 
element of serendipity. Methyldopa was first used be- 
cause it was believed that it would diminish noradren- 
aline synthesis by inhibiting dopa decarboxylase. It 
was only later that one appreciated that its action de- 
pended on a different mechanism. Clonidine was un- 
der investigation as a nasal decongestant when seda- 
tion and hypotension were recognized as adverse 
effects. Both drugs were discovered in the era when 
most patients under treatment had moderate to severe 
hypertension and the doses used in most patients were 
high. Use of high doses (>2 g/day of methyldopa or >1 
mg/day of clonidine) led to a relatively high incidence 
of symptomatic adverse effects. 

Inhibition or regulation: Alpha;-receptor agonists 
present an interesting contrast to most other types of 
antihypertensive drugs. Instead of directly inhibiting 
an effector system such as the cardiac 8 receptor, the 
vascular a receptor or the conversion of angiotensin I 
to angiotensin II, they regulate sympathetic activity by 
modulating normal control mechanisms in both the 
central nervous system (CNS) and in the periphery. In 
theory, resetting a control mechanism should give 
more physiologic control than simply inhibiting it. 

Central and peripheral actions: Alpha; receptors 
are widely distributed in the CNS and in the periph- 
ery. In the CNS, there are important concentrations 
of these receptors in the cardiovascular control areas 
of the brain stem. Stimulation of these receptors in- 
creases the gain of the vasodepressor baroreflex, slows 
the heart rate and partially inhibits the sympathetic 
outflow. There are also a, receptors that are con- 
cerned with wakefulness, and stimulation of these re- 
ceptors causes drowsiness. Powerful stimulation, such 
as occurs with an intravenous dose of 200 ug of cloni- 
dine, can cause rapid onset of sleep." However, o;- 
receptor stimulation does not entirely replicate nor- 
mal sleep. Patients treated with clonidine have a con- 
siderable reduction in the proportion of rapid eye 
movement sleep.? Reduction of salivary flow is anoth- 
er action of œz agonists that appears to be centrally 
mediated. Stimulation of growth hormone release also 
occurs when o; agonists are administered, although 
tolerance develops rapidly. 

In the periphery, o? agonists stimulate presynaptic 
adrenergic receptors and thereby partially inhibit 
noradrenaline release. Administration of hypotensive 
doses of drugs such as methyldopa and clonidine 
causes a reduction in plasma noradrenaline concen- 
tration, which often exceeds 50475.99-!! The relative 
contribution of central and peripheral actions to the 
reduction in plasma noradrenaline is an interesting 
question and there have been suggestions that the bal- 
ance shifts with the dose. Some studies have suggested 


that there is little reduction in peripheral sympathetic 
activity with lower doses of clonidine («0.3 mg/day) 
but others have not supported this view.!?-1* The lack 
of effect of clonidine on blood pressure in tetraplegic 
patients with interruption of the bulbospinal sympa- 
thetic tracts is against a major peripheral action medi- 
ated by a nonsympathetic mechanism.!9 | 

There are also a2 receptors on the vasculature and 
the pressor effect caused by stimulation of these recep- 
tors appears to explain the loss of effect of clonidine 
when given at high doses.!”18 If precise measurements 
are obtained, a small increase in pressure can often be 
observed 15 to 30 minutes after an oral dose of 0.3 mg 
of clonidine, before the pressure begins to decrease. 
Presumably, this is due to a relatively high plasma 
concentration during absorption-stimulating periph- 
eral a2 receptors while the brain concentration is still 
low. Many other peripheral tissues possess œz recep- 
tors; e.g., @ agonists decrease insulin secretion from 
pancreatic islet cells. Basal plasma renin concentra- 
tion is also reduced and this is probably a result of 
reduced traffic in renal sympathetic nerves.!9.20 

Hemodynamic changes: One of the main disad- 
vantages of drugs that inhibit components of the pe- 
ripheral sympathetic nervous system is disturbance of 
cardiovascular control, especially on standing or dur- 
ing exercise. Thus, a;-receptor blockade causes ortho- 
static hypotension in some patients. Beta-receptor 
blockade limits the normal increase of cardiac output 
during exercise and leads to fatigue and lethargy, par- 
ticularly in patients who undertake heavy exercise. 

In contrast, o;-receptor agonists do not usually 
cause orthostatic hypotension because they do not pre- 
vent an increase in sympathetic activity on standing. 
For example, in 8 subjects studied 2 hours after admin- 
istration of a placebo, the change in blood pressure 
and heart rate going from lying to standing was +2/+8 
mm Hg and + 20 beats/min. In the same subjects stud- 
ied 2 hours after administration of 0.2 mg of clonidine 
it was —8/+5 mm Hg and + 30 beats/min. After ad- 
ministration of 1.5 mg of rilmenidine, the correspond- 
ing figures were —6/+5 mm Hg and + 33 beats/min. 
Thus, the normal increase in diastolic pressure oc- 
curred after each of the o;-receptor agonists, although 
it was slightly less and the baroreflex-mediated in- 
crease in heart rate was greater. These data suggest a 
slightly greater degree of circulatory stress to maintain 
blood pressure on standing but the effect is relatively 
small. 

Several studies have shown that the increase in car- 
diac output, heart rate, blood pressure and noradrena- 
line release during standing and exercise changes very 
little during treatment with methyldopa or cloni- 
dine.?:-7 This is an advantage in terms of normal exer- 
cise performance, although it would be a disadvantage 
in a patient with angina. 


The difference is not absolute and some patients, — 


especially the elderly, may experience orthostatic de- 


creases in blood pressure during treatment with ag | 
bi 


agonists. The explanation probably lies in reduced ef- 


fectiveness of the baroreflex, which is a frequent ac- 


companiment to aging. 
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In general o; agonists cause less disturbance of cir- 


. culatory regulation under stress (standing, exercise hy- 
. povolemia)than other types of potent antihypertensive 


drugs.”4 
Specificity and selectivity: Clonidine is a selective 
agonist at the o» receptor but it has some aj-agonist 
activity.? Guanfacine has a greater selective sub- 
stance for the o; receptor and rilmenidine is one of the 
most selective substances known for this receptor. The 
 antihypertensive properties (and the adverse effects, 
sedation and dry mouth) of clonidine, guanfacine, ril- 
 menidine and other related compounds appear to de- 
pend exclusively on their a2-agonist properties. Fur- 
ther improvements in specificity for the a2 receptor do 
not seem likely to produce any change in the profile of 
pharmacodynamic activity. 
_ There is little or no evidence that selectivity is pos- 
sible between o; receptors at different sites based on 
their pharmacologic properties. However, a degree of 
pharmacokinetic selectivity is possible by limiting the 
rate and extent of entry of the drug into the brain. 
Clonidine is rapidly absorbed from the gastrointestinal 
tract and enters the brain rapidly. The intensity of 
sedation and mouth dryness at the peak of drug action 
appear to be partly related to the speed of onset. Guan- 
facine, a chemically related drug with a slower onset 
of CNS effects, which appears to enter the brain more 
slowly, has a less intense-sedating effect during the 
peak of absorption.?9 A degree of tolerance appears to 
develop in the sedative action of a2-receptor agonists, 
and the practical problem posed by it, although real, is 
less severe than may be anticipated from studies with 
single doses. 

Changes in pharmacokinetic properties can modify 
peak effects but elimination of central adverse effects 
could only be achieved by designing a drug that did 
not enter the CNS at all. Because the hypotensive ef- 
fect probably depends on the central action, this does 
not appear a profitable line of research to pursue. 
There are no data as to whether different compounds 
may have different rates of entry into particular parts 
of the brain. 

. The recent suggestion by Reis (personal communi- 
cation, 1987) that a large part of the antihypertensive 
effect of clonidine depends on stimulation of an “imid- 
azole” receptor has opened up fascinating new possi- 
bilities, but these need to be explored. 

Adverse effects and their dose-response relations: 
Since both the central adverse effects and the hypo- 
tensive effect of o» agonists are dose-related, another 
possible approach is to operate lower down the dose- 
response curve. 

Sedation and dry mouth: Sedation is a prominent 
side effect of o;-receptor agonists, especially when 
first administered and when the dose is high. There 
have been suggestions that drugs of this type also cause 
depression but this is probably incorrect in the strict 
psychiatric sense. Sedation is a particular burden to 
intellectual workers, but it also poses a potential haz- 
ard to those who work with moving machinery or who 
may take other drugs, e.g., ethanol, which themselves 
have CNS-depressant effects. 


Sedation can be recorded readily in the laboratory 
by asking subjects to mark a 100-mm visual analog 
scale marked at one end "wide awake" and the other 
"nearly asleep." At the peak of effect, about 1 hour 
after a 0.3-mg oral dose of clonidine, sedation is very 
marked, with the subjects marking the scale 80 to 90 
mm from the wide-awake line and tending to fall 
asleep spontaneously if not stimulated by conver- 
sation. 

Laboratory studies suggest that the sedation pro- 
duced by a; agonists only becomes really intrusive 
when the visual analog scales are recorded as >50 mm 
from wide awake. Sedation scores exceed this range at 
the peak of drug action and with higher doses. Thus, 
possible strategies for limiting the problems are to 
flatten the peak of drug action and to restrict the 
dose. 

Nitrazepam has been shown to reduce blood pres- 
sure and plasma noradrenaline concentration to a 
significant, although lesser, extent when given in doses 
that produced the same degree of sedation as cloni- 
dine.” 

Salivary flow can be measured accurately by plac- 
ing preweighed dental cotton wool rolls over the ori- 
fices of the 4 main salivary ducts and removing and 
reweighing them after 1 minute. Unstimulated values 
of salivary flow vary considerably but the values usu- 
ally lie between 0.5 and 1 g/min. At the peak of drug 
action, after a 0.3-mg oral dose of clonidine, many 
subjects have a salivary flow of only about 0.1 g/min, 
and they report extreme mouth dryness that interferes 
with talking and eating. Tolerance also develops to 
reduced salivary flow although the exact degree is not 
well documented. In the laboratory, subjective aware- 
ness of dry mouth appears only to be troublesome 
when the flow of saliva reaches a very low value («0.2 
g/min unstimulated). Here again flattening the peak of 
drug effect and limiting the dose will minimize the 
problem. 

Withdrawal reaction: A withdrawal reaction has 
been well documented in patients who suddenly stop 
taking high doses of clonidine, particularly if they are 
also taking a 8 receptor blocking drug. These patients 
have a clinical syndrome whose features include anxi- 
ety, sweating, tachycardia, sudden increases in blood 
pressure and insomnia. The syndrome is accompanied 
by increased concentrations of noradrenaline in the 
plasma and noradrenaline metabolites in the urine. In 
some instances the concentrations have approached 
those found in patients with a pheochromocytoma.?? 

The withdrawal reaction appears to occur less fre- 
quently with guanfacine, which has a longer duration 
of action than clonidine, although a moderate increase 
in plasma noradrenaline concentraton on cessation of 
treatment has been seen.?? The withdrawal reaction 
can be treated by reinstituting treatment with cloni- 
dine or by giving combined a- and 8-adrenoceptor 
blockade, e.g., with labetalol. 

The hypothesis developed to explain the withdraw- 
al reaction is that down regulation of a2 receptors in an 
inhibitory circuit takes place during chronic treatment. 
When treatment is stopped, physiologic amounts of 
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neurotransmitter cannot produce a normal degree of 
inhibition and excessive sympathetic discharge takes 
place until the receptor numbers are restored. 

There have been few, if any, reports of. patients 
having serious withdrawal reactions when they have 
been taking doses of «600 ug/day of clonidine. This 
suggests that the degree of down regulation that takes 
place during treatment with lower doses is not suffi- 
cient to prevent a smooth takeover by physiologic 
amounts of neurotransmitter when the drug is discon- 
tinued. 


Conclusion 


The main advantage of clonidine and its analogs is 
that they have very low toxicity and few contraindica- 
tions. They act through a specific receptor and the 
doses required are low. Alpha; agonists are effective 

L antihypertensive agents that produce less disturbance 
of circulatory regulation under stress than many other 
drugs. 

The main reason that their use has declined in fa- 
vor of 8-receptor blocking drugs and angiotensin-con- 
verting enzyme inhibitors has been the troublesome 
nature of the CNS side effects. Although these cannot 
be completely avoided, use of drugs with a slower rate 
of entry into the brain diminishes the peak effect and 
use of lower doses sharply reduces their subjective 
impact. 

Alpha;-receptor agonists remain useful antihyper- 
tensive drugs although, unfortunately, there is less evi- 
dence on their long-term effect on cardiovascular mor- 
bidity and mortality than there is on diuretic drugs and 
B blockers. 
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Pharmacology of the Alpha;-Adrenoceptor 
Agonist Rilmenidine 


PIETER A. VAN ZWIETEN, MD, PhD 


Most a@2-adrenoceptor agonists developed so far will 
penetrate into the brain, thus causing central hypo- 


tensive activity, mediated by the stimulation of o; 


-adrenoceptors in the region of the nucleus tractus 
. solitarii, the vasomotor center and the nucleus of 


the vagus nerve. The central œ adrenoceptors are 


° probably located at postjunctional (postsynaptic) 
sites. Their stimulation causes sympathoinhibition 


and thus a decrease in blood pressure and heart 
rate. The central hypotensive effect is the dominat- 


 . ing activity of all a2-adrenoceptor agonists devel- 

‘oped so far, of which clonidine, guanfacine and a- 

. methyl-DOPA (which is converted into a-methyl- 

. noradrenaline) are the prototypes. Peripheral post- 

-Synaptic effects probably do not greatly contribute 
to the hypotensive activity of these drugs. Sedation, 


also mediated by central o/; adrenoceptors is the 
major adverse reaction to these antihypertensive 
agents. More selective a2-adrenoceptor agonists 


 (B-HT 920, azepexole, UK 14,304) appear to dis- 


play the same pattern of hypotensive and sedative 
activities as the nonselective compounds like 
clonidine. 


T. concept of pre- and postjunctional (pre- and 
postsynaptic) receptors associated with the autonomic 
nervous system, introduced approximately a decade 
ago by Langer and Starke and their co-workers!? was 
initially derived from the adrenoceptors of the o sub- 
type. In a later stage, the pre/postsynaptic concept has 


—. been recognized as a general principle, which also 
= applies to various other receptor subtypes, e.g. 8 


adrenoceptors and dopaminergic, cholinergic and se- 


.. rotonergic receptors. 
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After the general survey on centrally acting a2- 
adrenoceptor agonistic drugs, the pharmacologic 
profile of the new oxazoline derivative, rilmenidine, 
(S 3341) was compared with that of the classic 
compound, clonidine. In all current animal and in vi- 
tro models, rilmenidine was characterized as a 
clonidine-like, centrally acting antihypertensive drug. 
Thus, its central hypotensive activity proved mediat- 
ed by the stimulation of central a2 adrenoceptors. 

In radioligand binding studies, rilmenidine proved 
somewhat more selective for œ adrenoceptors, but 
this selectivity was not reflected by a clearly differ- 
ent pharmacologic profile of the drug. 

However, rilmenidine greatly differs from cloni- 
dine with respect to sedative activity, which could 
not be demonstrated even for high doses of rilmeni- 
dine in animal models. This lack of sedative activity 
of rilmenidine is rather attributed to an unknown 
central component of rilmenidine, which counteracts 
sedation, than to differences in selectivity or affinity- 
intrinsic activity at the level of a2 adrenoceptors. 
The central process counteracting sedation needs to 
be clarified. (Am J Cardiol 1988;61:6D—- 14D) 








With respect to a adrenoceptors, their subdivision 
into the o4 and o? subpopulations has also become a 
widely accepted basis of classification. This subclassi- 
fication between a, and o; is based on the affinity of 
selective agonists and antagonists for these 2 subtypes, 
whereas the subdivision into presynaptic and postsyn- 
aptic (prejunctional and postjunctional) « adrenocep- 
tors definesthe localization with respect to the synapse 
(Fig. 1). Presynaptic receptors are located on the sym- 
pathetic nerve ending and postsynaptic receptors on 
the target organ, such as a blood vessel.* Noradrena- 
line and adrenaline are nonselective agonists, i.e., they 
stimulate a, and o; adrenoceptors equally well. Simi- 
larly, classic a-adrenoceptor blockers, like phentol- 
amine and tolazoline, are nonselective compounds 
that antagonize both a; and a2 adrenoceptors. We cur- 
rently have at our disposal a variety of agonists and 
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antagonists that are selective for either of the 2 recep- 
tor subtypes (Table 1). These selective compounds are 
useful tools in experimental pharmacology, and some 
of them—the selective a,-adrenoceptor blocker prazo- 
sin, for instance—have become valuable drugs in the 
treatment of hypertension and possibly congestive 
heart failure. 

Presynaptic a adrenoceptors are almost exclusively 
of the a» subtype, judged by their affinity for selective 
o»-receptor agonists and antagonists. However, both 
a, and a2 adrenoceptors occur in comparable numbers 
at postsynaptic sites. Stimulation of presynaptic a? 
adrenoceptors reduces the release of endogenous nor- 
adrenaline from the nerve ending. Stimulation of vas- 
cular postsynaptic a, and a; adrenoceptors by their 
respective agonists causes vasoconstriction.* ® 

Alpha adrenoceptors of both subtypes are found in 
a variety of organs and tissues.? This discussion is lim- 
ited to those tissues in which the a adrenoceptors are 
targets for antihypertensive drugs. Peripheral o4 and 
a, adrenoceptors at postsynaptic sites are involved 
functionally in the constriction of precapillary arteri- 
oles (resistance vessels), which is brought about by 
the endogenous neurotransmitters noradrenaline and 
adrenaline. The postsynaptic o? adrenoceptors appear 
not to be innervated; in other words, their location is 
extrasynaptic rather than inside the synapse. Accord- 
ingly, they may be considered as hormone receptors, 
reacting to circulating catecholamines rather than to 
the neurotransmitter (noradrenaline) that is released 
from presynaptic structures.?.!? 
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The stimulation of both a; and o? adrenoceptors at 
postsynaptic sites by appropriate agonists causes vaso- 
constriction and an increase in blood pressure. Ac- 
cordingly, the vasoconstriction caused by noradrena- 
line and adrenaline is an effect based on both o4- and 
a -adrenoceptor stimulation. The concept of the post- 
synaptic o; adrenoceptor is rather new, and it has con- 
siderably changed our views on the distribution and 
functional role of œ adrenoceptors.’ Recent experi- 
ments by our own group have demonstrated that post- 
synaptic o? adrenoceptors probably play an important 
role in maintaining vascular tone in human resistance 
vessels.!.?? 

The modulation of noradrenaline release from pre- 
synaptic sites by presynaptic o; adrenoceptors may be 
involved in physiologic regulation, particularly that of 
blood pressure and heart rate. Alpha; adrenoceptors 
have been found in the heart, both at presynaptic and 
postsynaptic sites. Their functional role in regulating 
the circulation has remained unclear; however, pre- 
synaptic o; receptors may play a part in bradycardia 
induced by clonidine and related drugs.'*4 Accord- 
ingly, the role of these receptors in physiologic pro- 
cesses that regulate heart rate by the sympathetic ner- 
vous system is speculative. 

In the central nervous system, a adrenoceptors are 
located in the brain stem, specifically the nucleus trac- 
tus solitarii, the vasomotor center, and the nucleus of 
the vagal nerve. The region of the nucleus tractus soli- 
tarii shows a particularly high density of (nor) adrener- 
gic synapses, suggesting a functional role of « adreno- 
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FIGURE 1. Adrenergic synapse. Nerve activity releases the endogenous neurotransmitter noradrenaline (NA) and adrenaline from the 
varicosities. Noradrenaline and adrenaline reach the postsynaptic a (or 8) adrenoceptors on the cell membrane of the target organ by 
diffusion. On receptor stimulation, a physiologic or pharmacologic effect is initiated. Presynaptic adrenoceptors of both the a and 6 
subtypes are present at the membrane of the varicosities, which are the stores of endogenous noradrenaline (vesicles). Stimulation of — 
presynaptic a-adrenoceptors reduces the release of endogenous noradrenaline from the vesicles, whereas more noradrenaline is liberated 
when presynaptic o adrenoceptors are blocked by œz- or (a; + a@2)-adrenoceptor antagonists. Presynaptic 8 receptors when stimulated — 


with an agonist enhance the release of noradrenaline. 
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TABLE I 


Adrenoceptor Agonists and Alpha Antagonists—Characterization with Respect to Their 


Selectivity for Alpha, and Alpha; Adrenoceptors—Possible Therapeutic Applications 











Receptor- 
Stimulated 
Agents or Blocked Application 
Agonists 
Noradrenaline (neurotransmitter) Q4 + aot By Vasoconstrictor (a; + ao) 
Adrenaline (neurotransmitter) a4 + a+ By + Bo Vasoconstrictor (a; + a) 
Phenylephrine (Boralin,® Visadron®) Q1 Qe Vasoconstrictor (a), decongestant (o) 
Clonidine (Catapres,® Catapresan®) Qt > 04 Antihypertensive (central a) 
Guanfacine Q2 2 04 Antihypertensive (central œz) 
Azepexole (B-HT 933) Qo Antihypertensive (central a) 
B-HT 920 Qe Antiglaucomatous (experimental) 
UK-14, 304 Qe Tool in experimental pharmacology 
Antagonists 
Phentolamine (Regitine®) Qı + Ae Pheochromocytoma preoperative phase 
(a4 + a5) 
Tolazoline Q2 > ay Vasodilator (o4 + a) 
Prazosin (Minipress®) Q4 Antihypertensive (peripheral o) 
— ——— =! Antihypertensive 
Terazosin Q1 
Trimazosin Q4 - 
Corynanthine 3 ay : . 
; Diastereoisomers Tools in experimental pharmacology 
Rauwolscine (t2 
Yohimbine Qe -— 
Idazoxan Qe - 
? ceptors. These receptors are mainly of the az subtype 
4 VMC j 
eee (Fig. 2), although the presence of o4 adrenoceptors has 
= an Op been demonstrated by receptor-binding techniques. 
a The stimulation of central a, adrenoceptors by ap- 
NTS : : : s 
propriate agonists induces a reduction of peripheral 
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FIGURE 2. Schematic representation of the brain stem region where 
Q2 adrenoceptors involved in the central hypotensive activity of œz- 
adrenoceptor agonists are assumed to be located. NTS = nucleus 
tractus solitarii; VMC = vasomotor center; X = vagus nerve; open 
lines, facilitating neuron; solid lines, inhibitory neuron; black and 
white lines, neuronal connection (whether facilitating or inhibitory 
is not known) between the hypothalamic region and NTS/VMC/ 
nucleus of X. Neuronal connections between the medullary centers, 
baroreceptors (aortic arch and carotid sinus), X and the peripheral 
sympathetic system are also shown. (Data adapted from Van Zwie- 
ten and Timmermans. '’) 


sympathetic tone. Arterial blood pressure and heart 
rate decrease via the stimulation of an inhibitory neu- 
ron—probably the bulbospinal neuron. The stimula- 
tion of central a, adrenoceptors also induces an en- 
hanced vagal tone, thus contributing to bradycardia. It 
appears likely that the central a2-adrenoceptors are 
functionally involved in regulating blood pressure and 
heart rate.!5-17 


Alpha;-Adrenoceptor Agonists 


Apart from several nonselective a;- + a2-adreno- 
ceptor agonists as listed in Table I, we currently have 
several selective a2-agonistic drugs at our disposal. Ex- 
amples of such compounds are azepexole (B-HT 933), 
B-HT 920, M 7 and UK 14,304. Alpha-methylnor- 
adrenaline, the active metabolite of a-methyl-DOPA, 
should also be considered as a fairly selective a2-adre- 
noceptor agonist (Fig. 3). 

The well-known centrally acting antihypertensive 
agents clonidine and guanfacine are not particularly 
selective with respect to a? adrenoceptors, although 
their central hypotensive activity is predominantly 
based on their interaction with central a2 adrenocep- 
tors; 16:37 

Theoretically, a variety of effects may be expected 
to occur after systemic administration of o;-adreno- 
ceptor agonists, in particular because most of the 
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aforementioned compounds will cross the blood-brain 
barrier, so that both peripheral and central o; adreno- 
ceptors are stimulated. Accordingly, the following ef- 
fects may be anticipated: (1) peripheral vasoconstric- 
tion, in particular of resistance vessels (stimulation of 
postsynaptic o? adrenoceptors); (2) impaired release of 
endogenous noradrenaline from peripheral prejunc- 
tional sites and thus a reduction of sympathetic tone 
(stimulation of presynaptic o» adrenoceptors); ai.d (3) 
vasodilatation, hypotension and bradycardia, brc ight 
about by a central sympathoinhibitory effect (stimula- 


tion of central a» adrenoceptors, probably at postsyn- 
aptic sites). 

Since, as already stated, virtually all a.-adrenocep- 
tor agonists developed thus far display potent central 
hypotensive activity, the stimulation of central a» 
adrenoceptors and its sequelae appears the dominat- 
ing pharmacologic activity of a, adrenoceptor agonists. 
This would, of course, be different for hydrophilic 
compounds, the activity of which remains limited to 
the periphery. So far, all selective a:-adrenoceptor ag- 
onists extend their activity to the brain and thus lower 
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FIGURE 4. Schematic representation of the interaction of clonidine and related a2-adrenoceptor agonists with postsynaptic and presynap- 
lic œ adrenoceptors in the brain stem, as a basis for the central hypotensive effect. Two possibilities exist: (1) Left—clonidine stimulates 
central postsynaptic a-adrenoceptors; accordingly, an inhibitory neuron is stimulated and the peripheral sympathetic activity is diminished, 
thus causing a hypotensive effect. (2) Right—clonidine stimulates presynaptic a-adrenoceptors; accordingly, central noradrenaline (NE) 
release is diminished, the facilitatory neuron is activated less and peripheral sympathetic activity is diminished, thus causing a hypotensive 
effect. The first possibility (/eft, postsynaptic mechanism) is most likely to be the correct one. 
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blood pressure and heart rate. For hydrophilic o;- 
adrenoceptor agonists, the main peripheral effects 
would counteract each other: postsynaptic vasocon- 
striction vs a presynaptic reduction of noradrenaline 
release. 

Recent experiments by our own group!!?8 strong- 
ly suggest that the postsynaptic effect dominates: the 
regional application of selective œz agonists into the 


. vascular bed of the human forearm, in such a manner 


that systemic or central effects cannot play a role, 


causes a profound degree of vasoconstriction, thus 


supporting the existence and functionality of postjunc- 


- tional a; adrenoceptors in the vascular bed involved. 


With respect to the centrally acting antihyperten- 


sive agents that are o;-adrenoceptor agonists (cloni- 
dine, guanfacine, a-methyl-DOPA) and related com- 
pounds, it is generally accepted that they owe their 
central hypotensive activity predominantly to the stim- 
ulation of central a, adrenoceptors, located in the re- 
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FIGURE 5. Effects of yohimbine, rauwolscine and corynanthine 
(mg/kg, intraperitoneally [i.p.]) on clonidine (0.3 mg/kg, i.p.) in- 
duced prolongation of the loss of righting reflex in mice brought 
about by hexobarbitone (75 mg/kg, i.p. ). In the lower histogram, the 
sedative effects of corynanthine (5 and 25 mg/kg, i.p.) as such (no 
clonidine) are also shown. Results are expressed as mean + stan- 
dard error of the mean in 10 animals per group. *p «0.05. Sleeping 
time (in minutes), as reflected by the loss of righting reflex, is shown 
by the columns. (Data adapted from Timmermans et al.?!) 
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gion of the vasomotor center, the nucleus of the soli- 
tary tract and the vagal nucleus. The stimulation of 
these receptors, probably located at postsynaptic sites 
(Fig. 4), causes the activation of an inhibitory bulbo- 
spinal neuron, and thus a depression of peripheral 
sympathetic tone, which underlies the antihyperten- 
sive and bradycardic activity of the aforementioned 
drugs.!?»-17 

For ethical reasons, direct evidence for central hy- 
potensive activity of drugs in hypertensive patients, 
which would require drug administration into the cen- 
tral nervous system, cannot be obtained. Some indirect 
evidence for the central hypotensive activity of cloni- 
dine has been obtained by Reid et al! in tetraplegic 
patients with transsection of the spinal cord at the cer- 
vical level. Nevertheless, it is generally agreed on, that 
the hypotensive activity of o» agonists that penetrate 
into the brain is caused by a central mechanism, in- 
volving the stimulation of o? adrenoceptors. Peripher- 
al presynaptic a2-adrenoceptor stimulation is not as- 
sumed to be particularly relevant in the hypotensive 
activity of the drugs involved. 


Adverse Effects of Mpha;-Agonistic Drugs 


Since, as discussed, the a-agonistic drugs available 
cause central hypotensive activity, central side effects 
should be anticipated and they occur regularly. Seda- 
tion is a generally observed adverse effect of cloni- 
dine, guanfacine and a-methyl-DOPA. Schmitt” ob- 
served in an early stage, that the sedation caused by 
clonidine is mediated by « adrenoceptors. More re- 
cently, we?! demonstrated that the clonidine-induced 
sedation is mediated by central a2 rather than o4 
adrenoceptors. This conclusion was drawn from ex- 
periments in which the sedative activity of clonidine, 
as reflected by the prolongation of hexobarbitone 
sleeping time, was effectively blocked by the centrally 
penetrating a;-adrenoceptor antagonists yohimbine 
and rauwolscine, and much less so by the a;-adreno- 
ceptor antagonist corynanthine (Fig. 5). Because yo- 
himbine, rauwolscine and corynanthine are diastereo- 
isomers, they may be expected to penetrate equally 
well into the brain owing to their very similar physico- 
chemical properties. 

The dry mouth frequently observed as a side effect 
of clonidine is due to the reduced secretion of saliva. A 
more detailed pharmacologic analysis??? has re- 
vealed that clonidine reduces peripheral parasym- 
pathetically and electrically evoked submaxillary 
salivation via the activation of presynaptic a adreno- 
ceptors that inhibit cholinergic transmission. Because 
of the receptor demand of clonidine and related com- 
pounds, the receptors involved are probably of the az 
subtype. 

Pallor of the face is sometimes observed as a side 
effect of clonidine. This harmless adverse reaction 
probably reflects constriction of the skin vessels, in- 
duced by postsynaptic o4- and a2-adrenoceptor stim- 
ulation. 

Because the aforementioned adverse effects are all 
mediated by o;-adrenoceptors, it would appear very 
difficult, if not impossible, to develop new o: agonists 
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with central hypotensive activity but devoid of seda- 
tion and the reduction of saliva secretion. Attempts to 
separate a2-mediated central hypotensive activity and 
a mediated side effects have not been successful. 


Pharmacologic Characteristics of 
Rilmenidine (S 3341) 


The oxazoline derivative rilmenidine |(N-dicyclo- 
propylmethyl]-amino-2-oxazoline] (S 3341) (Fig. 3) was 
recently introduced as a new experimental antihyper- 
tensive agent with a central mode of action and possi- 
bly less sedative activity than clonidine and other cen- 
trally acting drugs.?4-26 

In this report, we compare its pharmacologic profile 
with that of classic centrally acting antihypertensive 
agents, of which clonidine, guanfacine and a-methy]l- 
DOPA are the prototypes. 

Receptor selectivity of rilmenidine: In radioligand 
binding studies with rat brain homogenate prepara- 


FIGURE 6. Dose-response curves for the 
increase in diastolic pressure produced 
by intravenous injections of rilmenidine 120 
(S 3341) in pithed normotensive rats. 

O = 15 minutes after pretreatment with 100 
saline (1 ml/kg, i.v.); ^ — after prazosin 

(0.1 mg/kg, i.v., —15 minutes); v = after 80 
yohimbine (1 mg/kg, i.v., —15 minutes); 

O = after the combination of prazosin 60 
(0.1 mg/kg, i.v., —15 minutes) and yo- 
himbine (1 mg/kg, i.v., —15 minutes); X 40 
= after the combination of prazosin (0.1 
mg/kg, i.v., —15 minutes), yohimbine (1 
mg/kg, i.v., —15 minutes) and ketan- 0 
serin (0.1 mg/kg, i.v., —15 minutes). 
Symbols represent mean + standard er- 01 
ror of the mean (n = 5 to 7). (Data 

adapted from Van Zwieten et al.?5) 
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FIGURE 7. Effect on mean arterial pressure of intravenous injec- 
tions of rilmenidine (S 3341) in pentobarbitone-anesthetized nor- 
motensive rats. 0 = 0.1 mg/kg; € = 0.3 mg/kg; O = 1.0 mg/kg. 
Symbols represent mean values 4- standard error of the mean (n — 
6). Rilmenidine was injected at t — 0. (Data adapted from Van 
Zwieten et al.?°) 
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tions, the binding of the ligands (°H) prazosin (o4) and 
(*H)-clonidine (a2) has been studied in a comparative 
manner with rilmenidine. The following ICs, values 
for the displacement of the ligands by rilmenidine 
were obtained: 6.2 X 107? M (a1); 2.9 X 10^? M (ap). 
These data suggest a higher affinity of rilmenidine 
for o; than for o4 adrenoceptors. Accordingly, the 
prevalence of rilmenidine for o» adrenoceptors is 
somewhat greater than that of clonidine.”® 
Experiments in pithed rats revealed strong o;-ago- 
nistic activity of rilmenidine, reflected by the increase 
in diastolic blood pressure in this preparation. Parallel 
shifts without a reduction of the maximal effect were 
obtained after pretreatment with the o? antagonist yo- 
himbine, thus reflecting a competitive interaction at 
the level of the vascular postsynaptic o; adrenoceptor 
(Fig. 6). As expected from an a2-adrenoceptor agonist, 
rilmenidine caused a dose-dependent inhibition of 
tachycardia, induced by presynaptic stimulation of the 
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FIGURE 8. Effect on heart rate of intravenous injections of rilmeni- 
dine (S 3341) in pentobarbitone-anesthetized normotensive rats. 
Symbols represent mean + standard error of the mean. Rilmenidine 
was injected at t = 0. 0 = 0.1 mg/kg; * = 0.3 mg/kg; O = 1.0 mg/ 
kg. (Data adapted from Van Zwieten et al.?5) 
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spinal cord at the level of C7-Th,. In vivo findings in 
the pithed rat strongly suggest that both a; and o; 
adrenoceptors are involved in the vasoconstriction in- 
duced by rilmenidine. Accordingly, the slight preva- 
lence of the drug for a; over a; adrenoceptors found in 


= radioligand binding studies is probably not highly rel- 
evant for its influence on peripheral vasculature in 


vivo. 

Hypotensive activity of rilmenidine: Rilmenidine 
caused a biphasic effect on arterial blood pressure 
when injected intravenously in pentobarbitone-anes- 


- thetized rats. After a transient initial pressor effect, a 


long-lasting hypotensive action developed. Both ef- 
— fects were accompanied by pronounced bradycardia. 
= The effects were dose-dependent (Fig. 7 and 8). The 
biphasic response in anesthetized rats is typical for 


centrally acting drugs that are a2-adrenoceptor ago- 
nists. The initial pressor effect reflects the peripheral 
vasoconstriction, triggered by the stimulation of vascu- 


lar postsynaptic o» adrenoceptors. The subsequent, 
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FIGURE 9. Effect of rilmenidine on mean arterial pressure after 
infusion via the vertebral artery (a.v.) or femoral artery (a.f.) in 
chloralose-anethetized cats. Symbols represent mean + standard 
error of the mean (n — 5). Rilmenidine (S 3341) was infused at t — 
0. (Data adapted from Van Zwieten et al.?5) 
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longer lasting and dominant hypotension reflects the 
central effect of the drug on blood pressure, initiated 
by the excitation of o; adrenoceptors in the brain stem. 

Evidence for the peripheral character of the initial 
pressor effect was obtained in reserpinized rats. After 
setting up the reserpine-pretreated animals as a pithed 
rat preparation, intravenous injections of rilmenidine 
(0.1 and 0.3 mg/kg) caused a transient pressor effect 


but no hypotension. 


More detailed evidence for the central character of 
rilmenidine's hypotensive effect was obtained by in- 
jecting the drug in low doses into the left thoracic 
vertebral artery of chloralose-anesthetized cats. Low 
doses (10 to 30 ug/kg) of rilmenidine thus applied 
caused a pronounced and long-lasting hypotensive ac- 
tion (Fig. 9 and 10). Similar and even 10-fold higher 
doses when applied systemically, however, remained 
virtually ineffective. These experiments provide con- 
vincing evidence for the acute central hypotensive ac- 
tivity of rilmenidine, using the same experimental 
methods and procedure used many years ago to dem- 
onstrate the central hypotensive effect of clonidine 
and a-methyl-DOPA.?’ 

The involvement of central o; adrenoceptors in the 
central hypotensive activity of rilmenidine was dem- 
onstrated by the effective blockade of this effect by the 
o:?-adrenoceptor antagonist yohimbine (Fig. 10). Prazo- 
sin, a selective o4-adrenoceptor antagonist, however, 
did not reduce rilmenidine's central hypotensive ef- 
fect (Fig. 10), suggesting that central o; adrenoceptors 
are not relevant to the hypotensive action. 

In conclusion, rilmenidine may be assumed to 
cause central hypotensive activity by a mechanism 
very similar to or identical with that of clonidine and 
related drugs: the stimulation of central o? adrenocep- 
tors triggers a sympathoinhibitory process that causes 
hypotension and bradycardia. 

A further similarity with the classic, centrally acting 
antihypertensive drug is the withdrawal syndrome ob- 
served after abrupt cessation of prolonged treatment 
with rilmenidine.?9 The experiments were performed 
in conscious spontaneously hypertensive rats, who 
continuously received rilmenidine for 14 days via im- 
planted osmotic minipumps (ALZET®). Surgical re- 
moval of the minipumps and concomitant interruption 
of drug treatment triggered a clonidine-like withdraw- 
al syndrome, characterized by pronounced tachycar- 
dia and the occurrence of blood pressure upswings, 
short-lasting elevations of pressure from 30 to 60 mm 
Hg, each 2 to 8 minutes in duration. This withdrawal 
pattern is characteristic for clonidine and related az- 
agonistic drugs.?9 

Rilmenidine is devoid of sedative activity in ani- 
mal experiments: The preceding sections strongly sug- 
gest that rilmenidine's influence on the circulation is 
very similar to that of clonidine and related centrally 
acting a;-adrenoceptor agonists. 

However, a very obvious difference to clonidine 
was rilmenidine's lack of sedative activity in animal 
experiments and possibly also under clinical condi- 
tions.24-26 
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In classic experiments in mice, in which the degree 
of sedation of drugs to be tested is reflected by the 
prolongation of the hexobarbitone-induced sleeping 
tone (loss of righting reflex), the following results were 
obtained with rilmenidine: 

The sleeping time induced by hexobarbitone (75 
mg/kg, intraperitoneally [i.p.] in mice, measured as 
the period of loss of righting reflex, amounted to 12.0 + 
2.1 min (n = 10). As a control, clonidine (300 ug/kg, i.p.) 
was administered 15 minutes before hexobarbitone. A 
significant prolongation of the hexobarbitone-induced 
loss of righting reflex by clonidine was observed (Fig. 
11), confirming earlier results obtained in a similar 
experimental arrangement. 

Rilmenidine (1, 3 or 10 mg/kg, i.p., respectively) did 
not significantly prolong the hexobarbitone-induced 
sleeping time (Fig. 11). The highest dose of rilmenidine 
(10 mg/kg) even caused a significant reduction (p 
«0.05) of the hexobarbitone-induced sleeping time. 
When clonidine (300 ug/kg) and rilmenidine (10 mg/ 
kg) were applied simultaneously, the prolongation of 
the sleeping time was significantly less (p <0.05) than 
that caused by clonidine alone.?9 

Pharmacologic profile of rilmenidine: In conclu- 
sion, it seems justified to state that rilmenidine is an 
oxazoline derivative with both a- and a;-adrenocep- 
tor agonistic potency, although some prevalence for o; 
over a, adrenoceptors appears to exist. Its influence on 
the circulation largely follows that of clonidine and 
related imidazolidines. This similarity implies that the 
central hypotensive activity is dominating. The central 
hypotensive activity is, like clonidine, mediated by 
central a, adrenoceptors, which on stimulation in- 
duces a process of sympathoinhibition, as reflected by 
a decrease in blood pressure and heart rate. The with- 
drawal phenomenon, evoked after abrupt cessation of 
prolonged treatment of rilmenidine and resulting in 
tachycardia and blood pressure upswings, also resem- 
bles the events following the sudden interruption of a 
longer lasting exposure to clonidine. All of these ob- 
servations suggest a close pharmacologic similarity be- 
tween rilmenidine and clonidine-like drugs with re- 
spect to their cardiovascular properties. 

However, a sharp contrast draws the attention 
when the sedative properties of rilmenidine and cloni- 
dine are compared. Clonidine and related drugs are 
generally recognized to cause a substantial degree of 
sedation, most likely initiated at the level of cortical o 
adrenoceptors. 

Rilmenidine, however, does not cause sedation in 
animal experimental models, as reflected by the lack 
of prolongation of the hexobarbitone-induced loss of 
righting reflex in mice. Preliminary clinical observa- 
tions also suggest that little or no sedation occurs 
when hypertensive patients are treated with rilmeni- 
dine.2425 

The prolongation of the period of loss of righting 
reflex by clonidine and other centrally acting imidazo- 
li(diJnes is due to the stimulation of central o? adreno- 
ceptors.2)?! Because rilmenidine displays affinity as 
well as intrinsic activity at a2 adrenoceptors, a sedative 
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Hexobarbitone (75 mg/kg , i.p.) induced 
loss of righhing reflex (min) 


[ ] saline 


B] clonidine ( 300 yig/kg) 


clonidine ( 300 ug/kg ) 
after pretreatment 
with S 3341 (10 mg/kg) 


Us 3341 





T tl lr 
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FIGURE 11. Period of hexobarbitone-induced loss of righting reflex 
in mice 15 minutes after pretreatment with clonidine (300 g/kg), 
various doses of rilmenidine (S 3341) or with the combination of 
clonidine (300 g/kg) and rilmenidine (10 mg/kg). Symbols repre- 
sent mean + standard error of the mean (n = 10). (Data adapted 
from Van Zwieten et al.?5) ) 


effect should have been expected. It may only be spec- 
ulated here that rilmenidine possesses unknown prop- 
erties that counteract the a;-adrenoceptor mediated 
sedation. The possibility of such a property may be 
supported by the finding that rilmenidine inhibited the 
prolongation of the hexobarbitone-induced sleeping 
time by clonidine in mice. This latter observation can- 
not be explained by rilmenidine being a more partial 
a -adrenoceptor agonist than clonidine, thus competi- 
tively antagonizing clonidine-induced sedation in 
mice, because rilmenidine displayed similar intrinsic 
activity in increasing diastolic pressure and in antago- 
nizing stimulation-induced tachycardia in pithed rats, 
and in reducing blood pressure by way of infusion 
through the vertebral artery in cats than did cloni- 
dine.28:29 

Furthermore, it could be argued that rilmenidine is 
a slightly more specific agonist for o; adrenoceptors 
than clonidine, as described in the present study.”® 
However, this somewhat higher specificity does not 
satisfactorily explain the lack of sedative effect either, 
since a-methyl-DOPA is potentially as sedative as 
clonidine, although a-methylnoradrenaline, its active 
principle, is a much more selective o;-adrenoceptor . 
agonist than clonidine. 

One may argue that these observations indicate that 
central o; adrenoceptors responsible for sedation and . 
hypotension may be different. m 

However, because of the incapability of a large | 
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to base such an assumption on the effects of rilmeni- 
dine alone. Rather, the possibility of an additional 
property of rilmenidine, counteracting its sedative ef- 
fect, should be considered. 

In summary, this study characterizes rilmenidine as 
a nonselective o;- and o;-adrenoceptor agonist. The 
drug reduces blood pressure via a central mode of 
action and precipitates clonidine-like withdrawal 
symptoms in rats. The lack of sedative effects as deter- 
mined by the hexobabitone-induced loss of righting 
reflex is intriguing, although the explanation of this 
phenomenon requires additional investigations. 


Conclusions 


_ All a;-adrenoceptor agonists developed so far ap- 
pear to be predominantly characterized by their cen- 
tral hypotensive activity, which is directly related to 
their potency to stimulate o; adrenoceptors in the 
brain stem. The sequelae of peripheral postsynaptic 
a»-adrenoceptor stimulation by the currently available 
a -adrenoceptor agonists appear to be largely over- 
come by centrally induced sympathoinhibitory effects. 
Furthermore, presynaptic o;-adrenoceptor stimula- 
tion by these compounds has never been demon- 
strated to contribute substantially to the decrease in 
blood pressure, although it probably plays a significant 
role in the bradycardia induced by clonidine.!?.14 

The withdrawal phenomenon induced on sudden 
interruption of prolonged treatment with centrally act- 
ing @2-agonistic antihypertensive drugs is reflected by 
overshoot tachycardia and blood pressure upswings. 
When induced under the proper animal experimental 
conditions, this phenomenon appears to be a general 
principle for all centrally acting o?-adrenoceptor ago- 
nists, also involving central and peripheral o; adre- 
noceptors. 

_ All ofthe circulatory characteristics of the centrally 
acting o; adrenoceptors mentioned so far appear to 
hold for almost all compounds of this type. The same 
appears to apply to sedative activity, which is also me- 
diated by o;-adrenoceptor activation, and, as such, 
very difficult to separate from the central hypotensive 
potency. 

_ However, as far as can be judged from the data 
available, rilmenidine appears to be an o;-agonistic 
and potent central hypotensive drug but devoid of sed- 
ative potency, at least in the animals studied. 

As discussed, this separation between central hypo- 
tensive and sedative potencies is unlikely to be based 
on a differentiation between a;-receptor subtypes, but 
rather the result of a counteracting process triggered 
by rilmenidine, which remains to be clarified. 
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Sites of Actions of Alpha, Agonists in 
the Brain and Periphery 


WILLIAM J. LOUIS, MD, 
and ELIZABETH L. 


Alpha2 agonists including rilmenidine, clonidine and 
a methylnoradrenaline all seem to have a predomi- 
nantly central action in lowering blood pressure. 

Studies using the peripheral decarboxylase inhib- 
itor a-methyldopa hydrazine in both experimental 
animals and humans support the predominant cen- 
tral action of the active metabolite of methyldopa, 
o. methylnoradrenaline. 


BEVYN JARROTT, PhD, 
CONWAY, PhD 


Comparative studies on the antihypertensive po- 
tency of selective œ, agonists like rilmenidine, 
guanfacine, clonidine and lofexidine suggest that the 
relative ability to bind to a; and o; adrenoceptors is 
not critical but the ability to enter the central ner- 
vous system is essential for antihypertensive 
efficacy. i 
(Am J Cardiol 1988;61:15D-17D) — 





A. important action of clonidine-like drugs is that 
they stimulate a? adrenoceptors in the brain, which 
leads to a reduced sympathetic drive to heart and 
blood vessels causing a decrease in blood pressure. 
Many of the supporting experimental studies, how- 
ever, have involved acute administration of clonidine- 
like drugs in pentobarbital anesthetized animals and 
the relevance of these studies to the chronic use of 
clonidine in hypertensive subjects is questionable.! 
There has been a continuing debate on the relative 
importance of central and peripheral actions of cloni- 
dine in animals, and recent observations have ques- 
tioned whether the hypotensive actions of clonidine 
can be explained simply in terms of stimulation of 
central o? adrenoceptors, since some highly selective 
o4,-adrenoceptor antagonists such as prazosin antago- 
nize the hypotensive action of clonidine.! Further- 
more, by studying a range of clonidine-like com- 
pounds, it is apparent that they can vary widely in their 
ability to interact with o? and a; adrenoceptors,? yet 
they remain effective hypotensive drugs 134, 

The importance of the central nervous system in 
blood pressure regulation is well known. Reis and his 
co-workers? summarized the major pathways involved 
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in baroreceptor inputs to the nucleus tractus solitarius, 
and the C1 region in the ventrolateral medulla. This 
latter region is rich in adrenaline containing neurons, 
and gives rise to descending spinal pathways that - 
regulate preganglionic sympathetic activity and nor- 
adrenaline release at postganglionic sympathetic ter- - 
minals. A range of amine transmitters including — 
adrenaline, noradrenaline, dopamine, serotonin and — 
histamine appears to play a role in this central regula- 
tion and, more recently, the mapping of central endog- _ 
enous peptide pathways by morphologic techniques - 
has suggested functional roles for endogenous peptide 
molecules within the hypothalamus and brain stem in | 
the central control of the cardiovascular system.® 1 
Mechanisms controlling the release of noradrena- . 
line from sympathetic nerve terminals in the periph- — 
ery have also been the subject of extensive research — 
and the concept of presynaptic receptors modulating — 
release of noradrenaline have been described.’ Pre- 
synaptic o; adrenoceptors play an important part in 
modulating transmitter release, and both postsynaptic — 
a, and o» adrenoceptors mediating vasoconstriction — 
have been documented.® | 


Studies with Methyldopa 


Central action: The importance of changes in ue 
levels of catecholamine transmitters in brainstem nu- — 
clei was apparent in earlier studies on the actions of — 
methyldopa.?? A major action of methyldopa requires _ 
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a highly selective action on «a; adrenoceptors. Both — 
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2 TABLE! Displacement of (3H) Prazosin- and (3H) Clonidine- 
_ Binding from Membranes Prepared from Rat Cerebral Cortex by 


E  Clonidine-Like Drugs* 


— DUET 
x et sd s 


Ki (3H) Prazosin Ki (3H) Clonidine Ki (3H) Prazosin 


~ 





Ü É _ Drug (nM) (nM) Ki (3H) Clonidine 
Ls 
|. Guanfacine 6,117 1.9 3,220 
3 . (—)Alpha-methyl- 15,280 9.8 1,560 
E" noradrenaline 
| . Clonidine 593 2.2 269 
Rilmenidine 3,855 14.1 250 
. ST91 1,174 12.4 95 
Lofexidine 181 2.3 79 
(—)Noradrenaline 960 15 64 
y Naphazoline 124 2.0 62 


— * Modified from Summers et al.? 
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- in decreases in endogenous noradrenaline and adren- 
aline levels and the replacement of these transmitters 
- largely by a methylnoradrenaline and, in some cases, 
small amounts of a methyladrenaline.!! Because the 
loss of endogenous noradrenaline (which occurs in 
such cardioinhibitory nuclei with methyldopa admin- 
- istration) would by itself be expected to result in a loss 
- of inhibition and an increase in blood pressure," the 
3 antihypertensive action of methyldopa is believed to 
D be produced by a2-adrenoceptor receptor stimulation 
bya methylnoradrenaline in inhibitory regions such 
n: (as the A1 region. 
. The identification of cardioexcitatory regions such 
.as the C1 area provides the basis for an alternative 
k explanation of the action of methyldopa, i.e., the loss of 
J noradrenaline and adrenaline, and the consequent 
51 decrease i in activity in excitatory regions such as the C1 
. region more than compensates for similar losses in 
= endogenous transmitters in cardioinhibitory areas. 
. Such studies emphasize the need to examine separate- 
E ly brainstem catecholaminergic neurons that have op- 
posing actions on blood pressure.* 
E Central versus peripheral actions: Methyldopa hy- 
E  drazine (carbidopa) is an inhibitor of the enzyme dopa 
E: decarboxylase. It blocks the conversion of dopa to do- 
-~ pamine and methyldopa to methyldopamine. This fact 
. has been exploited in the treatment of diseases like 
-= Parkinson's disease in which methyldopa hydrazine 
. has been used to increase the proportion of orally ad- 
i  ministered L-dopa reaching the central nervous sys- 
. tem. Methyldopa hydrazine cannot cross the blood- 
1 — brain barrier; it therefore inhibits the peripheral but 
E . not the central decarboxylation of L-dopa to dopa- 
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p 10 B tublish the relative importance of central and pe- 
E 1 pera decarboxylation of methyldopa in its hypo- 
b tensive action in acute and chronic studies in animals. 
-. Several workers have concluded that the predominant 
action of methyldopa is through central rather than 
. peripheral mechanisms.!? 

Methyldopa hydrazine has also been used to deter- 
3 mine the site of the blood pressure-lowering effect of 
- methyldopa in humans in double-blind crossover 


. studies. 13 These investigators compared the effects of 7 
? y E of treatment with Hinr Bop combined with 
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either active treatment (methyldopa hydrazine) or pla- 
cebo in hypertensive subjects. In these studies, addi- 
tional treatment with active methyldopa hydrazine did 
not alter the antihypertensive action of methyldopa or 
the dosage required for adequate blood pressure con- 
trol. If peripheral decarboxylation of methyldopa was 
important in this hypotensive action, the methyldopa 
hydrazine should have reduced the antihypertensive 
action of methyldopa treatment. These data suggest 
that it is the central decarboxylation of methyldopa 
that is predominantly responsible for its antihyperten- 
sive effect.19.1? 

Characterization of relative importance of central 
and peripheral effects of clonidine-like agents: As has 
been mentioned earlier, clonidine-like drugs have 
powerful effects, both centrally and peripherally and, 
in addition, vary in their relative abilities to stimulate 
a, and a, adrenoceptors (Table I).? The introduction 
of tritiated clonidine as a radioligand enabled a de- 
tailed biochemical characterization of o;-adrenocep- 
tor binding sites in selected brain regions such as cere- 
bral cortex and hind brain. These studies suggest that 
tritiated clonidine labels both a high and low affinity 
state of the a; adrenoceptor and the proportion of each 
state depends on the presence or absence of guanylnu- 
cleotides and cations such as sodium. 

Clonidine does not display absolute selectivity for 
o» adrenoceptors and our radioligand studies have 
confirmed that clonidine can interact with o4 adreno- 
ceptors. Our data demonstrated that structural ana- 
logues of clonidine with a similar affinity to clonidine 
a -adrenoceptor binding sites varied widely in their 
affinity for a;-adrenoceptor binding (Table I).? At one 
extreme are compounds like guanfacine and rilmeni- 
dine in which the Ki for inhibition of (3H) prazosin- 
binding is more than 3,000 nM, which is probably 
physiologically insignificant, whereas clonidine and 
lofexidine have low Ki values (180 to 600 n M) and have 
been documentated to have actions on o, adrenocep- 
tors in vitro and in vivo. Despite these findings, guan- 
facine, rilmenidine, clonidine and lofexidine are all 
effective antihypertensive agents.'?4 

In contrast ST91 and naphazoline, which have sim- 
ilar binding affinities for a; and o; adrenoceptors to 
lofexidine (Table I), do not lower blood pressure.!5.16 
This probably reflects their inability to cross the blood- 
brain barrier, again supporting the proposition that the 
central action of this class of drugs is the dominant 
factor in the antihypertensive effect. 

This does not rule out a contributory peripheral 
action of clonidine-like compounds because of their 
potent peripheral adrenoceptor effects. It is still possi- 
ble under normal circumstances that such a peripheral 
component is contributing to the antihypertensive ef- 
fect. The peripheral effect is not apparent with drugs 
like ST91, presumably because, in the absence of ef- 
fective drug levels in the brain, compensatory mecha- 
nisms are brought into play that overcome any periph- 
eral effect of the drug. 

The precise site of action of the central antihyper- 
tensive effect of clonidine-type drugs remains uncer- 
tain. Ligand studies with the selective o; ligand guan- 
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facine’’ indicate a very wide distribution of o; binding 
sites throughout the central nervous system. However, 
the density of these binding sites are not significantly 
affected by the prior administration of 6-hydroxy- 
dopamine, which destroys noradrenergic terminals. 
Thus, most binding sites for «;-adrenoceptor agonists 
appear to be located on a variety of non-noradrenergic 
neurons and noradrenergic cell bodies rather than 
noradrenergic terminals. The mechanism by which 
activity at these various noradrenergic and non-nor- 
adrenergic sites leads to a potent antihypertensive ef- 
fect remains uncertain. 
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Sites of Action of Alpha; Agonists and Antagonists 


MORRIS J. BROWN, MD 


The o; adrenoceptor is found on central and periph- 
eral neurons, on vascular smooth muscle and on 
endocrine tissue. Although some investigational 
drugs have widely varying affinities for these sites, 
Clinically available a2 agonists and antagonists act 
at all œ> receptors. This report illustrates a strategy 
for evaluating the relative contributions of both cen- 
tral nervous system vs peripheral and of prejunc- 
tional vs postjunctional actions of a new drug by 


measurement of several o? receptor-mediated he- 
modynamic and neuroendocrine responses. Evi- 
dence is also provided for a temporal dissociation of 
pre- and postjunctional a2 responses that may per- 
mit selective postjunctional a2 blockade to be of 
clinical value in the treatment of sympathetically in- 
duced reductions of skin blood flow. 


(Am J Cardiol 1988;61:18D-21D) 





i. classic o; receptor mediates the vasoconstrictor 
response to sympathetic nerve activation and is situat- 
ed intrasynaptically on smooth muscle opposite the 
nerve endings. The only other reported site for the a 
receptor in humans is cardiac muscle. The o; adreno- 
ceptor is more widely distributed and the in vivo re- 
sponses to o? agonists and antagonists therefore repre- 
sent the net effect of sometimes conflicting actions at 
different sites. According to present theory, drugs act- 
ing on a; adrenoceptors could lower blood pressure in 
each of 3 different ways: (1) stimulation of central ner- 
vous system (CNS) o; receptors, causing a decrease in 
peripheral sympathetic nerve activity; (2) stimulation 
of peripheral prejunctional nerve a; receptors; and (3) 
blockade of peripheral postjunctional a, receptors. Be- 
cause most of the drugs in this class are lipophilic 
partial o; agonists, this report analyzes the relative 
contribution of these 3 mechanisms for their hypoten- 
sive action with the objective of assessing whether 
more selective agents may retain such action without 
adverse effects. 


.. Central Nervous System Alpha, Adrenoceptors 


The clinical hallmarks of "centrally-acting" drugs 


ni. have traditionally been sedation, dry mouth and 
= bradycardia, whereas biochemically, the characteris- 
- .. tic finding is a reduction in the indexes of noradrena- 
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line (NA) release. It is very likely that the sedation is a 
marker of CNS a;-receptor stimulation because, at 
least in humans, this symptom has been reported with 
all o; agonists that cause hypotension; and the selec- 
tive o; antagonist idazoxan was observed to wake sub- 
jects immediately from guanfacine-induced sleep, but 
not from "natural" sleep. 

The dry mouth and bradycardia are of less certain 
genesis, probably involving parasympathetic stimula- 
tion at either a CNS or peripheral level. Alpha-methyl- 
dopa does not cause bradycardia.! This difference may 
imply a direct "alinidine"-type action of clonidine and 
congeners on the heart; we have failed to find evi- 
dence of peripheral production of a-methyl noradren- 
aline as a way of explaining absence of bradycardia 
with a-methyldopa.? 

The measurement of sedation, although semiquan- 
tifiable using visual analog scales, is not a precise way 
of excluding CNS a»-receptor stimulation because 
even placebo administration frequently causes seda- 
tion. We have therefore used the measurement of plas- 
ma growth hormone (GH) as an index of CNS a>-re- 
ceptor stimulation. Alpha; receptor-mediated release 
is not the main physiologic control mechanism and we 
found that idazoxan does not antagonize the growth 
hormone-releasing factor induced release of GH.3 
However, in the context of acute a;-agonist adminis- 
tration, the large (30- to 40-fold) increase in plasma GH 
can be assumed to be due to CNS o;-receptor stimula- 
tion. Infusion of the o; agonist, a-methylnoradrena- 
line, which does not cross the blood-brain barrier, 
causes no change in plasma GH levels (Murphy MD, 
and Brown MJ], unpublished observations). The in- 
crease in plasma GH is short-lived, disappearing be- 
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fore a; agonist-induced hypotension. Clearly, it does 
not occur with chronic dosing, or patients could be- 
come acromegalic! 

The use of plasma GH is illustrated by the following 
examples: (1) In a comparison of clonidine and guanfa- 
cine, the time course of the increase in GH was very 
similar, showing that the delayed onset of hypotension 
with guanfacine is not due to delayed entry to the 
CNS.* (2) In a study with idazoxan and guanfacine, the 
antagonist was found to block the guanfacine-induced 
increase in GH (Fig. 1), but not the initial decrease in 
plasma NA, suggesting that the latter was a peripheral 
action of guanfacine.? (3) In this study, idazoxan itself 
caused a small increase in plasma GH, and this may be 
an indication of some partial agonist activity in this 
type of drug. 


Peripheral Presynaptic Alpha; Receptors 


Agonists at this site would be expected to reduce 
plasma NA; in both animal and clinical studies, we 
have attempted to provide evidence that some of the 
decrease in plasma NA caused by clonidine and its 
congeners is peripherally mediated.?5 Alpha; agonists 
that do not enter the CNS are difficult to use as probes 
because their postsynaptic action may suppress NA 
release via baroreceptor stimulation. The catechol- 
amine o» agonists, adrenaline and a-methylnoradren- 
aline, have the additional problem (as probes) of caus- 
ing 85-receptor stimulation. However, a marked 
decrease in plasma NA levels is seen if these drugs are 
infused in patients taking 8 blockers." Concern about 
baroreceptor-mediated changes is probably unneces- 
sary since plasma NA has been found to be an insensi- 
tive marker of baroreceptor activation caused either 
pharmacologically (e.g., by phenylephrine) or by neck 
pressure. As has been shown by both direct muscle 
nerve recordings and plasma NA estimation, muscle 
nerve activity is not very responsive to baroreceptor 
activation, but it is this tissue that is a major determi- 
nant of circulating NA levels.9-1? 

Alpha; antagonists would, in theory, be expected to 
increase circulating NA levels, and idazoxan does in- 
deed stimulate approximately a 2-fold increase in sub- 
jects both at rest and during exercise (Fig. 2).35 How- 
ever, there is no a2 antagonist that acts only at the 
peripheral site, so that it is not possible in humans to 
differentiate the peripheral from CNS contribution to 
the increased NA release. In rats, we did this by com- 
paring intravenous and intracerebroventricular ad- 
ministration of idazoxan, and finding much greater 
increases after peripheral administration.9!! This sug- 
gests that the presynaptic a2 receptor provides a chron- 
ic inhibitory tone. However, we have found recently 
that the idazoxan-induced increase in plasma NA is 
transient, disappearing within a few hours of starting a 
prolonged intravenous infusion.!^!? This should be 
confirmed using 1 of the newer o; antagonists without 
idazoxan's partial agonist activity; however, the possi- 
bility exists that an o; antagonist during chronic dosing 
would effectively become a selective postsynaptic a 
antagonist. 
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FIGURE 1. Effect of guanfacine on plasma growth hormone (GH). 
Guanfacine, 3 mg, was infused in 6 healthy volunteers over 1 hour 
after pretreatment with either idazoxan, 0.2 mg kg, intravenously or 
by vehicle. Values are mean + standard error of the mean. 
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FIGURE 2. The plasma noradrenaline response (mean + standard 
error of the mean) to exercise (5 X 5-minute cycling separated by 
3-minute rest periods) in 6 normal volunteers, 75 minutes after 
pretreatment with either idazoxan ( € — €) or placebo (O—O). The 
second last point is the only one to refer to the end of a rest period. 
There was a significant (p «0.01 analysis of variance) difference 
between idazoxan/placebo pretreatment. *p «0.05 paired t tests 
between matching time points. (Reproduced with permission from 
Struthers et al.? and S. Karger AG: Basel, Switzerland.) 


Postsynaptic Alpha? Receptors 


The best neuroendocrine marker for this site is 
plasma insulin. Unlike GH, this is suppressed by infu- 
sions of a-methylnoradrenaline and adrenaline. It is 
less responsive to tyramine infusion, suggesting that 
the islet-cell o? receptor is stimulated physiologically 
by circulating adrenaline rather than neuronally re- 
leased noradrenaline. Pretreatment with idazoxan un- 
masks a 6 receptor-mediated increase in insulin re- 
lease during adrenaline infusion.!^ However, insulin 


is not as easy a marker to use as GH because, in plan- i | 


ning a study, subjects either fast—some subjects will — 
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FIGURE 3. Effect of vascular a2 adrenoceptor stimulation by neur- 
onally released noradrenaline. Skin temperature was measured 
during incremental infusion of tyramine in 6 healthy volunteers, who 
received propranolol, 80 mg, and prazosin, 2 mg, 1 hour before the 


— study. 


have unmeasurable insulin levels—or are permitted to 
eat a light meal before the study, in which case insulin 
levels are not at steady-state throughout the study. De- 
spite these difficulties, we have found insulin mea- 
surements a valuable adjunct in studies of o agonists 
and antagonists.’ 

Postsynaptic vascular az-receptor stimulation is dif- 
ficult to monitor but does account for the transient 
pressor response to intravenous administration of 
clonidine. This would usually require intraarterial 
blood pressure monitoring; however, whether the la- 
ser Doppler technique for continuous measurement of 
skin blood flow can provide a noninvasive method of 
following the a2-mediated vasoconstriction will be in- 
teresting to see. 

The vascular a? receptor was initially considered to 
be extrajunctional, possibly stimulated by circulating 
adrenaline for which it has a slightly higher affinity 
than noradrenaline. However, after a prolonged infu- 
sion of a-methylnoradrenaline in normal subjects, we 
found that the effect of the pressor response was much 
slower than expected from the plasma t4 of the a» 
agonist.!? It was suggested that, analogous to the sus- 
tained tachycardia after adrenaline infusion,!9 this 
slow offset reflected the neuronal uptake and re-re- 
lease of a-methylnoradrenaline, thus implying that the 


—. vascular o; adrenoceptor is in some sites either intra- 
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synaptic or at least “‘perisynaptic.” Recently, we tested 
the a?-mediated responses to neuronal NA release by 
infusing tyramine into subjects who had been pretreat- 


_ ed with the o4 antagonist, prazosin, and nonselective 
_ -receptor antagonist, propranolol. This pretreatment 


resulted in approximately a 5-fold shift in the pressor 


response (compared with previous results in some of 
the same subjects!”), with little increase in blood pres- 


sure observed until plasma NA was elevated to levels 
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FIGURE 4. Hypotensive effect of a2 blockade in hypertensive rats. 
Idazoxan, 0.3 mg/kg ( * — e ), or vehicle (4 —A) was intravenously 
injected at 0 minute in 6 spontaneously hypertensive rats. Results 
are mean differences (A) vs baseline values (time — 10) in mean 
arterial pressure (MAP). (Reprinted with permission from 
Harland.'?) 


observed during heavy exercise. However, even the 
lower doses of tyramine caused a marked reduction in 
skin temperature (Fig. 3), which is consistent with the 
in vitro evidence that sympathetic vasoconstriction of 


digital vessels is o;-mediated.!9!? The clinical rele- 


vance of this has not been determined; if one were to 
speculate, the combination of œz- and f-receptor 
blockades may help in preventing the cold extremities 
caused by the latter. 

Alpha;-receptor blockade administered acutely in 
humans elevates blood pressure; this is due to in- 
creased NA release. As previously described, how- 
ever, this increased NA release may be a transient 
effect, opening the possibility of a hypotensive re- 
sponse during chronic dosing. In the rat, idazoxan does 
not alter blood pressure in the normotensive Wistar 
species during acute or chronic dosing. However, in 
the spontaneously hypertensive rat, o;-selective doses 
of idazoxan cause a marked reduction in blood pres- 
suret? (Fig, 4). 


Alpha; Receptors 


A new era for o; antagonists has begun by the re- 
cent report of an a-receptor antagonist with no defina- 
ble affinity for presynaptic receptors but high affinity 
at the postsynaptic site.” If the pre- and postsynaptic 
o; receptors prove to be different, then we may antici- 
pate 2 new types of hypotensive agents: (1) a agonists— 
that act only at the peripheral presynaptic receptor. 
Such a drug would lack the CNS side effects of seda- 
tion, etc., and may be expected to lower blood pressure 
because the reduction in NA release would not be 
offset by vascular a2-receptor stimulation. (2) postsyn- 
aptic a;-receptor antagonists—a modest reduction in 
blood pressure may be anticipated in hypertensive 
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subjects, and our experience with idazoxan would 
suggest that such drugs are well tolerated. Unlike a, 
antagonists, no postural hypotension occurs. 
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Cardiovascular and Central Nervous System 
Effects of Rilmenidine (S 3341) in Rats 
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BERTRAND BEAU, MD, GISELE DELBARRE, MD, FRANCOIS LHOSTE, MD, 
and CLAUDE LABRID, PhD 


Rilmenidine (S 3341) is a new o; agonist, with an- 
tihypertensive properties. Pharmacologic data con- 
cerning its hemodynamic and central nervous sys- 
tem effects in the rat are described in this report. 
In the anesthetized or conscious spontaneously 
hypertensive rat, rilmenidine was found effective 
and potent as an antihypertensive agent, lowering 
blood pressure in a dose-dependent manner after 
intravenous and oral administration. These effects 
are related to a reduction in sympathetic tone as 
seen by the decrease in plasma catecholamines in- 
duced by rilmenidine in the spontaneously hyperten- 
sive rat. Studies in the normotensive pithed rat 
(electrical stimulation and adrenalectomization) 
confirmed the presynaptic a-stimulating properties 
of rilmenidine and suggested that a component of 


b. antihypertensive effects of o; agonists are 
thought to be mediated by an action at central o; 
adrenoceptors.!-? A major side effect of clonidine and 
other imidazoline analogs is the sedation caused by 
these agents at doses used therapeutically.4 This seda- 
tive effect also appears to be mediated by central o; 
adrenoceptors.? Although many related hypertensive 
agents have been synthesized in an effort to separate 
these 2 properties, this has proved difficult to date.97 
The oxazoline derivative, rilmenidine (S 3341), is a 
new antihypertensive drug that produces less sedation 
than clonidine in humans.9? 

Binding studies in the rat brain have shown that 
rilmenidine, like clonidine, potently inhibits the bind- 
ing of the a;-adrenoceptor agonist p-aminoclonidine, 
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the antihypertensive activity of rilmenidine could be 
exerted through these peripheral receptors. 

A study of the central effects of rilmenidine was 
performed using classic neuropharmacologic tests. 
No effect was observed on the pentobarbitone-in- 
duced sleeping time in the rat. Rilmenidine caused 
only a minimal and non-dose-dependent inhibition of 
the righting reflex in the chick. In the rat, rilmenidine 
did not decrease the motor activity at concentra- 
tions up to 50 times higher than the antihyperten- 
sive dose. 

These results confirmed the contrast between ril- 
menidine and clonidine and suggest that a dissocia- 
tion between sedative and antihypertensive effects 
could occur with rilmenidine. 

(Am J Cardiol 1988;61:22D-31D) 


but only weakly inhibits the binding of the specific a4- 
adrenoceptor antagonist, prazosin. Although the affin- 
ity of rilmenidine for central a, adrenoceptors is less 
than that of clonidine, rilmenidine has a higher a/a; 
selectivity ratio than clonidine.’ 
Hemodynamically, rilmenidine shows similar ef- 
fects to other centrally acting o;-adrenoceptor ago- 
nists. In animals, intravenous (i.v.) administration of 
rilmenidine produced an initial transient increase in 
arterial blood pressure (BP) followed by a prolonged 
hypotension.!?.1? This initial phase has been attributed 
to the stimulation of peripheral postsynaptic a adreno- 
ceptors, and the subsequent decrease in BP is general- 
ly thought to be centrally mediated. The central az- 
mediated hypotensive effect of rilmenidine has been 
demonstrated by infusion of the drug into the vertebral 
artery of the anesthetized dog and cat, resulting in a 
marked decrease in arterial blood pressure,which was 
antagonized by the a;-adrenoceptor antagonist, piper- 
oxan, at doses ineffective after i.v. administration. 1213 
Alpha; agonists inhibit the release of noradrenaline 
from presynaptic nerve terminals by the activation of 


— —— 





o» adrenoceptors.!^!? Presynaptic effects of rilmeni- 
dine assessed both in vivo and in vitro have shown a 
possible involvement of presynaptic a2 adrenoceptors 
in the hypotensive action of this drug.!?19:16 

The properties of rilmenidine and clonidine have 
also been investigated in an effort to elucidate the 
differential effects of these 2 agents at producing seda- 
tion. Central monoaminergic neurons are known to be 
involved in the regulation of sleep" and although both 
drugs decrease the firing rate of central locus coeru- 
leus noradrenergic neurons in rats, the inhibitory po- 
tency of clonidine is about 60 times greater than that of 
rilmenidine.!?!? The sedative effects of rilmenidine 
have also been investigated in chicks, where o; adre- 
noceptor agonists are known to cause an inhibition of 
the righting reflex.!9?2? Rilmenidine causes only a min- 
imal inhibition of the righting reflex and antagonizes 
the sedation produced by clonidine in this model.'” 
Similarly, rilmenidine in contrast to clonidine, does 
not prolong the loss of righting reflex induced by hexo- 
barbitone in mice.?? In a study examining the effects of 
rilmenidine on rapid eye movement sleep in the rat, 
Lewis et al?! showed that although both rilmenidine 
and clonidine effectively suppress this type of sleep, 
rilmenidine, in contrast to clonidine, does not produce 
behavioral disorders and does not result in a rapid eye 
movement sleep rebound or BP alterations after with- 
drawal of the drug. 

In view of the substantial antihypertensive proper- 
ties compared to the relative lack of sedative side ef- 
fects exhibited by rilmenidine both in humans and in 
animal models, data examining both hemodynamic 
and sedative characteristics of rilmenidine are pre- 
sented in order to further study the mechanism of ac- 
tion of this drug. 


Methods 


Hemodynamic effects after intravenous injection 
in the anesthetized spontaneously hypertensive rat: 
Male SHRs (Okamoto) aged between 14 and 16 weeks 
and weighing 280 to 320 g were used in this study. The 
rats were anesthetized with pentobarbitone (60 mg/kg 
intraperitoneally [i.p., underwent tracheotomy and 
were ventilated with room air (10 ml/kg, 65 breaths/ 
min; respirator model 689, Harvard Apparatus Co.). 
The jugular vein was cannulated for injection of drugs 
and the carotid artery was cannulated for BP and heart 
rate (HR) recording via a pressure transducer (Gould 
13.4615.52). Systolic and diastolic BP were read as the 
maximal and minimal values, respectively, on the BP 
recording. HR was read on a separate channel. Hemo- 
dynamic parameters were measured before and 0.5, 5, 
10, 15 and 30 minutes after administration of the test 
drug. After a 10- to 15-minute baseline recording, the 
drugs were administered as a 0.25-ml i.v. bolus injec- 
tion. Doses of 0.1, 0.2, 0.3 and 1 mg/kg of rilmenidine 
and 0.003, 0.005, 0.01 and 0.03 mg/kg of clonidine were 
administered (n = 6 for each dose). Control rats re- 
ceived a similar volume of saline (n = 8). 

Statistical analysis: Results are presented as mean 
+ standard error of the mean. Pretreatment homoge- 
neity of groups was studied by a 1-way analysis of 
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variance (group). Changes in hemodynamic parame- 
ters were analyzed by a 2-way analysis of variance 
(dose X time). At each time period, doses were com- 
pared 2 by 2 within each group by a Newman-Keuls 
test. Linear regression analysis was performed over 
that time period when the dose-effect relation was 
found to be significant. 

Hemodynamic effects after single oral administra- 
tion in the conscious spontaneously hypertensive rat: 
Three groups of 8 male SHRs (Okamoto) weighing 300 
to 350 g received oral administration of rilmenidine at 
doses of 0.15, 0.30, 0.60 mg/kg, respectively. A control 
group of 8 male SHRs received saline. All rats re- 
ceived a volume of 2 ml/kg. The effect of oral admin- 
istration of rilmenidine on systolic BP and HR was 
evaluated in each group before and 5 hours after ad- 
ministration of rilmenidine (except at the dose of 0.30 
mg/kg, when effects 5 hours after administration were 
not determined). Rats were allowed to habituate to the 
animal facilities for 15 days before the beginning of the 
study and to the procedure for determining BP 8 days 
before. Systolic BP was recorded with the indirect 
noninvasive method described by Yen et al? usinga 
photoelectric cell (model 59 I.T.T.C. Inc. Blood Pres- — . 
sure Meter for Heatless Testing) connected to an Ap- — — 
ple II microcomputer. Values for systolic BP and HR 
were calculated by the computer and displayed bya — - 
printer. : 

Statistical analysis: Each individual value shown is 
a mean of 5 to 7 measures. Comparison of values be- 
fore and after administration of rilmenidine was per- 
formed using a 2-way analysis of variance (dose X 
time) with repeated measures over time. 

Plasma catecholamines in the anesthetized spon- 
taneously hypertensive rat: Male SHRs (Okamoto) 
weighing 280 to 320 g and aged 14 to 16 weeks were 
used in the study. Rats were classified into 3 groups (n 
— 6 per group) that received either rilmenidine (0.3 
mg/kg i.v.), clonidine (0.01 mg/kg i.v.) or saline (i.v.). 
Allocation of treatment was randomized on the basis 
of the experimental week, day and time. Each animal 
was anesthetized with pentobarbitone (60 mg/kg i.p.), 
underwent tracheotomy and ventilated as described 
for i.v. injection. Rats were kept normothermic by 
means of a thermostated blanket (Harvard Co.). A 1-ml 
blood specimen was obtained after a stabilization peri- 
od of about 15 minutes and an equivalent volume of 
plasma was immediately administered to compensate 
for the loss. The test drugs were administered as a 0.25- 
ml i.v. bolus injection 10 minutes later and a second - 
blood specimen was collected 10 minutes after this 
treatment. Each blood specimen was immediately 
placed on ice in a heparinized tube. Plasma was ob- 
tained by refrigerated centrifugation at +4°C and the 
plasma was stored at —80°C. Plasma noradrenaline — - 
and adrenaline levels were assayed by a double-iso- P 
tope enzymatic assay.^ Hemodynamic parameters . = 
(systolic and diastolic BP and HR) were measured as ~ 
described for i.v. injection. a 

Statistical analysis: Results are expressed as mean 
values of percentage reduction with respect to pre- — 
treatment values. The relative changes in hemody- | " 
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namic parameters and plasma catecholamine levels 
were compared between treatments by a 1-way analy- 
sis of variance (treatment). 

Hemodynamics in the anesthetized normotensive 
rat: Intact rat: Male Wistar rats weighing between 250 
and 300 g were anesthetized with sodium pentobarbi- 
tone (60 mg/kg i.p.) and were tracheotomized and ven- 
tilated with ambient air as described for plasma cate- 
cholamine experiments. Hemodynamic parameters 
(systolic and diastolic BP and HR) were measured via 
cannulation of the carotid artery as described earlier. 
Drugs were administered into the jugular vein. Two 
series of experiments were performed. In the first, 
groups of rats were treated with various doses of ril- 
menidine (0.1, 0.3 and 1 mg/kg i.v.), clonidine (0.003, 
0.005, 0.01 and 0.03 mg/kg i.v.) or saline (n = 6 for each 
dose of test drug and n = 8 for control group). After 
approximately 20 minutes of stabilization, systolic and 
diastolic BP and HR were measured before and 0.5, 5, 
10 and 15 minutes after injection of the test substance. 
In the second series of experiments, 4 groups of pre- 
treated rats were studied. Two groups received ida- 
zoxan (0.3 mg/kg i.v.), followed 10 minutes later by 
rilmenidine (0.3 mg/kg i.v.) or clonidine (0.03 mg/kg 


. iv.) respectively. The second 2 groups received pre- 


treatment with prazosin (0.3 mg/kg i.v.), followed 10 
minutes later by rilmenidine (0.3 mg/kg i.v.) or cloni- 
dine (0.03 mg/kg i.v.), respectively, (n = 6 for each 
group). Hemodynamic parameters were measured at 
the same times as the groups not receiving pre- 
treatment. 

Pithed rat: Wistar rats (as described for intact nor- 
motensive rat experiments) were pithed with a metal 
rod using the technique for Gillespie et al and were 
immediately ventilated. Three series of experiments 
were performed. In the first series, either rilmenidine 
(0.05, 0.1, 0.3 mg/kg i.v.) or clonidine (0.005, 0.01 and 
0.03 mg/kg i.v.) was administered after a 10-minute 
stabilization period after pithing. Hemodynamic pa- 
rameters (systolic and diastolic BP and HR) were mea- 
sured before and 0.5, 5, 10 and 15 minutes after injec- 
tion. The second series of experiments involved pre- 
treatment with either idazoxan (0.3 mg/kg i.v.) or pra- 
zosin (0.3 mg/kg i.v.) 10 minutes after pithing. Ten 
minutes later, the rats received rilmenidine (0.3 mg/kg 
i.v.) or clonidine (0.03 mg/kg i.v.). Hemodynamic pa- 
rameters were measured before and 0.5, 5, 10 and 15 
minutes after injection of drugs. In the third series of 
experiments, the rats were pretreated with either ida- 
zoxan (0.3 mg/kg i.v.) or prazosin (0.3 mg/kg i.v.) 10 
minutes after pithing. Ten minutes after pretreatment 


. with the antagonist, cumulative doses of either rilmen- 


idine (0.01, 0.03, 0.1 and 0.3 mg/kg i.v.) or clonidine 


= (0.003, 0.005, 0.01 and 0.03 mg/kg i.v.) were adminis- 


tered. Hemodynamic parameters were measured im- 
mediately before treatment and then 1 minute after 


-~ each injected dose. In the 3 series of experiments, n = 
_ 6 for each dose of test drug. 


Pithed, electrically stimulated rat: In other groups 
of Wistar rats (males weighing between 250 and 300 g), 


E. the rats were pithed as previously described. After 
= pithing, the metal rod was directly connected to an 
M electric stimulator (Type 1-Ugo Sachs Elektronik K 6) 
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allowing overall stimulation of the sympathetic system 
from the spinal cord. A neutral electrode closing the 
circuit was placed on the skin surface. Before electri- 
cal stimulation, each rat was pretreated with d-tubocu- 
rarine (3 mg/kg i.v.) and methylatropine (1 mg/kg i.v.) 
and underwent bilateral vagotomy. Before treatment 
with the test substance, hemodynamic parameters 
were measured and stability was checked for approxi- 
mately 5 minutes. T'wo series of experiments were per- 
formed in these rats. In the first series, the sympathetic 
nerves were stimulated electrically (0.125 to 2 Hz, 1 ms, 
60 V) for 30 seconds. Stimulation was carried out 10 
minutes after treatment with rilmenidine (0.1, 0.3 mg/ 
kg i.v.), clonidine (0.01, 0.03 mg/kg i.v.) or saline. He- 
modynamic parameters were measured after the stim- 
ulation period. In the second series of experiments, the 
rats underwent adrenalectomy bilaterally 48 hours be- 
fore the study. During this period, the rats received 
saline in place of drinking water. The sympathetic 
trunks were stimulated electrically (0.5 Hz, 1 ms, 50 V) 
for 30 seconds. Hemodynamic parameters were mea- 
sured after control stimulation (before treatment) and 
after stimulation performed 10 minutes after injection 
of rilmenidine (0.1 mg/kg i.vl), clonidine (0.003 mg/kg 
i.v.] or saline. In all experiments, n = 6 for each dose of 
test drugs studied and n = 8 for control groups. 

Statistics: Statistical analysis was performed in 
terms of changes in hemodynamic parameters (with 
respect to baseline or after pretreatment values) by a 2- 
way analysis of variance (dose X time or dose X fre- 
quency or pretreatment X time) with repeated mea- 
sures over time, followed by a Newman-Keuls test. If 
the dose-effect relation (for a given time) was signifi- 
cant, linear regression analysis was performed. The 
reference parameter was diastolic BP, except in the 
study performed in the pithed stimulated rat in which 
HR was the parameter for comparison. 

Righting reflex in the chick: This study was per- 
formed in chicks of either sex. The chicks were 24 to 72 
hours old and had a bodyweight of 50 + 10 g. The 
chicks received intramuscular doses of 0.25, 0.5, 1, 3.75, 
5, 7.5, 15 or 30 mg/kg of rilmenidine or doses of 0.05, 
0.075, 0.125, 0.75, 1, 3 or 10 mg/kg of clonidine. Drug 
volumes injected were on the basis of 5 ml/kg. Each 
treatment group consisted of 7 chicks. The sedation 
level was assessed at constant room temperature of 20 
+ 1°C and was measured as the time interval between 
the loss and regaining of the righting reflex, expressed 
in minutes, using the method described by Delbarre 
and Schmitt.25.26 

Motor activity in the rat: Two groups of 8 male CD- 
cobs rats (bodyweight 250 + 20 g) were treated with 
rilmenidine (1.25, 2.5, 5, 10 mg/kg i.p.) or clonidine 
(0.031, 0.062, 0.125, 0.25, 0.5 mg/kg i.p.). Control ani- 
mals received saline (i.p.). The open field method is a 
neurobehavioral test used to assess changes in sponta- 
neous motor activity in rats. The rats were placed sep- 
erately in the corner of a field (100 X 100 cm) with 
plastic sides (40 cm high) and a checked white base 
with 25 squares (20 X 20 cm). The experiment was 
performed 1 hour after dosing and the number of times 
the rat entered a new square (with all 4 paws) was 
scored over a 5-minute period. The treated rats were 
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compared with those of the control rats by Dunnett's 
test. 

Barbiturate-induced sleep in the rat: Male CD- 
cobs rats (bodyweight 250 + 20 g) received pentobarbi- 
tone (30 mg/kg i.p.) 15 minutes after treatment with 
either rilmenidine (1.25, 2.5, 5, 10 mg/kg i.p.), clonidine 
(0.062, 0.125, 0.25 mg/kg i.p.) or saline (i.p.) (n = 8 for 
each group). Sleeping time was defined as the interval 
between the disappearance and reappearance of the 
righting reflex in each animal and was expressed in 
minutes. Results were analyzed using Dunnett's test. 

Drugs used: The drugs used in this study included 
rilmenidine phosphate (Servier), clonidine HC] (Boeh- 
ringer Ingelheim), idazoxan (Reckitt Colman), prazo- 
sin HCL (Pfizer), pentobarbitone (Clin Midy), d-tubo- 
curarine sulfate (Sigma) and methylatropine sulfate 
(Sigma). The drug concentrations refer to the forms 
previously mentioned. 


Results 


Hemodynamic effects after intravenous injection 
in the anesthetized spontaneously hypertensive rat 
(Fig. 1): There was no significant difference in baseline 
systolic and diastolic BP between the groups. Mean 
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baseline systolic BP was 205.8 + 2.6 mm Hg, diastolic 
BP was 156.5 + 2.0 mm Hg and HR was 372.3 4.8 
beats/min (n = 56). Biphasic changes in systolic and 
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diastolic BP were observed after administration of . 


each dose of rilmenidine. An initial transient increase 
in BP (diastolic BP ranged between 20.2 + 2.9 and 30.0 
+ 3.8 mm Hg) was signifcantly different from control 
values at all doses studied and was followed by a pro- 


longed decrease in systolic and diastolic BP. Antihy- - 


pertensive effects were dose-dependent at 10, 15 and 
30 minutes after administration (dose-effect relation p 


«0.001 for systolic and diastolic BP). By 30 minutes, the — 
decrease in diastolic BP ranged from 17.8 + 3.7 mm Hg — 
for 0.1 mg/kg, to 90.5 + 7.1 mm Hg for 1 mg/kg. HR was © 
signficantly decreased from the fifth minute (dose-ef- — 
fect relation p «0.01). Administration of clonidine also — 
produced a significant biphasic response in systolic : 


and diastolic BP. The increase in diastolic BP ranged 
from 16.8 + 2.4 to 61.8 + 11.5 mm Hg. This increase in 


BP was followed by a prolonged decrease in BP, which ~ 
was significant from the fifth minute after administra- _ 


tion. By 30 minutes, the decrease in diastolic BP ranged — 
between 21.2 + 9.9 mm Hg (0.003 mg/kg) and 132.2 + — 


i m 


9.8 mm Hg (0.03 mg/kg). HR was significantly de- - 
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FIGURE 1. Hemodynamic effects of intravenous injec- ADBP (mmHg) 


tions of rilmenidine (A = 0.1 mg/kg; A = 0.2 mg/kg; +80 
O = 0.3 mg/kg; m = 1 mg/kg), clonidine ( A = 0.003 
mg/kg; A = 0.005 mg/kg; O = 0.01 mg/kg; m = 0.03 
mg/kg), and saline (3) in the anesthetized spontane- 0 
ously hypertensive rat. Results are mean differences 
vs baseline values (n = 6 to 8). * p <0.05, ** p <0.01 
vs saline (2-way analysis of variance followed by -80 
Newman-Keuls's test). SBP = systolic blood pres- .429 
sure; DBP = diastolic blood pressure; HR = heart rate. 
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TABLE! Changes in Hemodynamic Parameters and Plasma Catecholamine Levels in the 
Anesthetized Spontaneously Hypertensive Rat 10 Minutes After Treatment with Rilmenidine or 
Clonidine 
Plasma 
Hemodynamics Catecholamines 
SBP DBP HR NA AD 
(%) (%) (%) (%) (%) 
Saline —0.01 —0.02 0.00 —0.03 T 0.30 
(0.03) (0.03) (0.01) (0.05) (0.16) 
Rilmenidine 040 * -0.95" ^ *0.19** "0 57** 0.2877 
(0.3 mg/kg i.v.) (0.03) (0.06) (0.04) (0.04) (0.07) 
t 
Clonidine 7-:0,51** —0.63** —0.14* —0.59** —0.68"* 
(0.01 mg/kg i.v.) (0.03) (0.03) (0.05) (0.02) (0.04) 


* p <0.05 ** p <0.01; relative to control group (1-way analysis of variance followed by a Newman-Keuls test). 
Values are mean + standard error of the mean of percentage reduction with respect to pretreatment values. No 
significant difference was seen between rilmenidine and clonidine for al! parameters except for adrenaline (+ p 


<0.05). 


AD = adrenaline; DBP = diastolic blood pressure; HR = heart rate; i.v. = intravenous; NA = noradrenaline; SBP = 


systolic blood pressure. 


_ creased in a dose-dependent manner (p <0.001). The 
- effects of clonidine on systolic and diastolic BP were 
- dose-dependent (p «0.001). Linear regression analysis 
_ yielded a linear model for diastolic BP at 30 minutes 
_ for both rilmenidine and clonidine. For a theoretical 


decrease of 40 mm Hg, 0.2 mg/kg of rilmenidine and 


0.004 mg/kg of clonidine were required, giving a po- 


. tency ratio of 50:1. 


Hemodynamic effects after single oral administra- 


tion in the conscious spontaneously hypertensive rat: 


In control rats, systolic BP did not vary significantly 
during the course of the study (175.97 + 0.65 to 176.09 + 
0.38 mm Hg). In test rats before treatment, systolic BP 


-values did not differ significantly from controls. In the 


treated rats, there was a significant decrease in systolic 


.. BP. One hour after administration, decrease in systolic 
— BP of 11, 13 and 18 mm Hg were observed after oral 
— administration of 0.15, 0.30 and 0.60 mg/kg of rilmeni- 


dine, respectively. Five hours after administration, de- 
creases in systolic BP were 10 mm Hg (after 0.15 mg/ 


. kg) and 18 mm Hg (after 0.60 mg/kg). These values 


were also significantly different from controls. The 
antihypertensive efficacy of rilmenidine was dose-de- 
pendent and was maintained 5 hours after administra- 
tion. There were no significant changes in HR. 
Plasma catecholamines in the anesthetized spon- 


- taneously hypertensive rat (Table I): In the SHR, be- 
_ fore treatment, mean basal systolic BP was 208.4 + 4.9 
» mm Hg, diastolic BP 157.2 + 3.0 mm Hg and HR 382.2 
_ + 6.8 beats/min. Baseline plasma noradrenaline and 
. adrenaline levels were 919.8 + 62.2 and 119.4 + 22.7 
— pg/ml, respectively. Systolic and diastolic BP, HR, and 
— plasma catecholamine levels did not vary during the 
study in the control group. Both rilmenidine and cloni- 
— dine led to a significant decrease in systolic and dia- 
- stolic BP and HR. There were no significant differ- 
— ences between the hemodynamic effects of rilmen- 
— idine and those of clonidine. Equiactive doses of ril- 
. menidine on BP were approximately 30 times greater 
pou an those of clonidine. 


There was a concurrent reduction in plasma cate- 
cholamine levels after administration of both agents. 
There was no significant difference between the de- 
crease in noradrenaline induced by clonidine and that 
induced by rilmenidine. In contrast, adrenaline was 
reduced more markedly (p <0.05) by clonidine than by 
rilmenidine. 

Hemodynamics in the intact anesthetized normo- 
tensive rat: Rats had a mean baseline diastolic BP of 
123.3 + 1.6 mm Hg, systolic BP of 159.6 + 2.0 mm Hg 
and HR of 419.8 + 4.4 beats/min (n = 50). At the doses 
studied, both rilmenidine and clonidine produced a 
brief increase in systolic and diastolic BP, followed by 
a prolonged decrease. HR decreased immediately af- 
ter administration of both agents. The significant in- 
crease in systolic and diastolic BP produced by rilmen- 
idine (0.1, 0.3 and 1 mg/kg i.v.) during the first minute 
was dose-dependent. A significant degree of hypoten- 
sion was observed from the fifth minute at 0.3 and 1 
mg/kg of rilmenidine (p «0.01). Changes in systolic 
and diastolic BP were not significantly different from 
control values after administration of 0.1 mg/kg of ril- 
menidine. After 15 minutes, decreases in systolic and 
diastolic BP ranged from 7.5 + 9.0 to 66.3 + 3.9 mm Hg 
and 5.7 + 6.4 to 58.2 + 3.4 mm Hg, respectively, after 
treatment with 0.1 to 1 mg/kg of rilmenidine. There 
was a significant decrease in HR from the first minute 
after administration of rilmenidine at all doses studied 
(except during the first minute at the dose of 0.1 mg/ 
kg). The effects of rilmenidine on HR were dose-de- 
pendent, and after 15 minutes the decrease in HR 
ranged from 45.0 + 8.2 to 151.7 + 13.1 beats/min. Ad- 
ministration of clonidine produced a significant in- 
crease in systolic and diastolic BP (p «0.01) during the 
first minute at all doses (0.003, 0.005, 0.01 and 0.03 mg/ 
kg i.v.). A significant degree of hypotension was ob- 
served from the fifth minute after drug administration 
at all doses studied. After 15 minutes, the decrease in 
systolic and diastolic BP ranged from 27.0 + 3.8 to 66.0 
+ 9.2 mm Hg and 18.7 + 3.3 to 52.8 + 7.8 mm Hg, 
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FIGURE 2. Effects on systolic blood 4.) J 
pressure (SBP) of intravenous adminis- & ^ 
tration of rilmenidine (0.3 mg/kg) (RIL) 160 r 


and clonidine (0.03 mg/kg) (CLO) alone 
or 10 minutes after intravenous injection 140 
of prazosin (0.3 mg/kg) (PRA) or ida- 
zoxan (0.3 mg/kg) (IDA) in the anesthe- 120 


tized normotensive rat. Mean values (n 


80 RIL 


respectively. HR was significantly decreased at all 
doses from the fifth minute after administration; after 
15 minutes, the decrease in HR ranged from 85.0 + 2.2 
to 144.2 + 15.6 beats/min. In the second series of ex- 
periments, baseline mean diastolic BP (before pre- 
treatment) was 122.7 + 2.6 mm Hg, systolic BP was 
156.0 + 3.6 mm Hg and HR was 421.3 + 6.7 beats/min. 
Changes in hemodynamic parameters were measured 
after pretreatment with idazoxan (0.3 mg/kg), followed 
by rilmenidine (0.3 mg/kg) or clonidine (0.03 mg/kg) 
(Fig. 2). Idazoxan alone had no significant effect on BP 
and HR. Idazoxan significantly abolished the effects 
of both drugs on BP and HR. Hemodynamic parame- 
ters were also measured before and after pretreatment 
with prazosin (0.3 mg/kg) (Fig. 2). Prazosin alone sig- 
nificantly decreased BP without modifying HR. Sub- 
sequent administration of rilmenidine or clonidine 
did not decrease BP further, but did lower HR sig- 
nificantly. 

Hemodynamics in the pithed normotensive rat: 
After pithing, the rats had a mean baseline diastolic BP 
of 33.7 + 0.6 mm Hg, systolic BP of 64.3 + 0.8 mm Hg 
and HR of 285.6 + 3.9 beats/min. Administration of 
single doses of rilmenidine (0.05, 0.1 and 0.3 mg/kg i.v.) 
produced an increase in systolic and diastolic BP. Dur- 
ing the first minute, systolic BP values increased by 
13.2 + 0.3, 21.0 + 2.5 and 34.0 + 4.3 mm Hg and diastol- 
ic BP values increased by 15.7 + 1.3, 25.0 + 3.6 and 39.7 
+ 3.3 mm Hg for the 3 doses of rilmenidine, respective- 
ly. After this initial peak, BP decreased and stabilized 
above baseline values. The pressor effect of rilmeni- 
dine was dose-dependent (dose-effect relation p 
<0.001). During the first minute, clonidine (0.005, 0.01 
and 0.03 mg/kg i.v.) produced a similar dose-depen- 
dent pressor effect. 

After pretreatment with idazoxan (0.3 mg/kg), ril- 
menidine (0.3 mg/kg) produced a pressor effect signifi- 
cantly less than without pretreatment. After 0.5 min- 
ute, the increase in diastolic BP was 39.7 + 3.3 mm Hg 
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pretreatment with idazoxan (p «0.001). There was no | 
significant change from baseline values in the pressor _ 


response after administration of clonidine. After pre- 
treatment with prazosin (0.3 mg/kg), both rilmenidine 
(0.3 mg/kg) and clonidine (0.03 mg/kg) produced a 
pressor response significantly less than before pre- 
treatment. After 0.5 minute, the increase in diastolic 
BP was 39.7 + 3.3 mm Hg for rilmenidine alone com- 
pared with 17.8 + 0.9 mm Hg after pretreatment with 
prazosin (p «0.001 ). 

The pressor effect of cumulative doses of rilmeni- 
dine (0.01, 0.03, 0.1 and 0.3 mg/kg i.v.) was completely 
blocked by idazoxan (0.3 mg/kg) but not by prazosin 


(0.3 mg/kg) and was dose-dependent (p «0.001 for sys- 
tolic BP and p «0.01 for diastolic BP). After the final — 


dose, the change in diastolic BP was a decrease of 7.2 + 
6.7 mm Hg after idazoxan compared to an increase of 


15.0 + 5.1 mm Hg after prazosin (p «0.01). The pressor d 


effect of cumulative doses of clonidine (0.003, 0.005, 


0.01 and 0.03 mg/kg) were not modified by idazoxan or — 


prazosin. After the final dose, the change in diastolic 
BP was an increase of 9.2 + 4.9 mm Hg after idazoxan 


compared with an increase of 13.8 + 7.1 mm Hg after | 


prazosin. 

Hemodynamics in the pithed, electrically stimu- 
lated normotensive rat: After pithing, the rats had a 
baseline systolic BP of 63.7 + 1.1 mm Hg, diastolic BP 
of 35.4 + 1.0 mm Hg and HR of 292.0 + 6.2 beats/min. 
In control rats, HR increased significantly with the 
frequency of stimulation. At doses of 0.1 and 0.3 mg/ 
kg, rilmenidine significantly reduced the increase in 
HR (p «0.01) regardless of the frequency of stimula- 


tion. Rilmenidine inhibited the increase in systolic BP — 
with low-frequency stimulation (0.125 and 0.250 Hz). - 
At a frequency of 0.250 Hz, the increase in HR with - 
rilmenidine (19.2 + 1.5 beats/min for 0.1 mg/kg) was — 


less than the increase in HR in the control group - 


(55.0 + 5.9 beats/min). Clonidine (0.01, 0.03 mg/ke) 
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FIGURE 3. Effects of rilmenidine and clonidine on the loss of righting 
reflex in the chick. Mean values + standard error of the mean (n= 
7). No effect was noted with rilmenidine (0.25, 0.5 and 1 mg/kg) 
and clonidine (0.05 mg/kg). im = intramuscular. 
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FIGURE 4. Effects of rilmenidine and clonidine on motor activity 
(open field) in the rat. Mean values + standard error of the mean (n 
— 8). *p «0.05; **p «0.01 vs saline (Dunnett's test). ip — 


ë 3 intraperitoneally. 
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significantly reduced the increase in HR (p «0.01) re- 
gardless of the stimulation frequency. Clonidine also 
significantly inhibited the increase in diastolic and 
systolic BP for all stimulation frequencies (p «0.01). At 
a frequency of 0.250 Hz, the increase in HR with cloni- 
dine (28.3 + 6.7 beats/min for 0.01 mg/kg) was less 
than the increase in HR in control rats (55.0 + 5.9 
beats/min). 

In the second series of experiments using this mod- 
el, the rats underwent adrenalectomy. Mean baseline 
systolic BP was 43.8 + 2.0 mm Hg, diastolic BP 21.5 + 
1.3 mm Hg and HR 281.9 + 5.2 beats/min after pithing. 
Stimulation of the sympathetic nerves at a frequency 
of 0.5 Hz increased systolic and diastolic BP and HR. 
Rilmenidine (0.1 mg/kg) inhibited these responses (p 
<0.001). In the rilmenidine group, the increase in HR 
(23.3 + 4.2 beats/min) was less than in control rats (58.3 
+ 3.8 beats/min). Changes in diastolic BP and HR with 
clonidine (0.003 mg/kg) did not differ from those in the 
control group. Only systolic BP decreased with treat- 
ment (p <0.01). 

Righting reflex in the chick (Fig. 3): Rilmenidine at 
doses of 0.25, 0.5 and 1 mg/kg produced no inhibition 
of the righting reflex in the chick. At a dose of 3.75 mg/ 
kg, rilmenidine inhibited the reflex in 3 of the 7 chicks 
in the group. The administration of higher doses of 
rilmenidine induced a brief and non-dose-dependent 
loss of reflex of variable duration in all chicks (maxi- 
mal effect 11.73 + 0.49 minutes). Clonidine at the first 
dose studied (0.05 mg/kg) did not inhibit the righting 
reflex of the chicks. At a dose of 0.075 mg/kg and 
higher, clonidine induced inhibition of this reflex in 
all chicks (maximal effect 30.78 + 1.60 minutes). The 2 
highest doses of clonidine administered (3 and 10 mg/ 
kg) induced loss of righting reflex of shorter duration 
yielding the usual bell-shaped curve. 

Motor activity in the rat (Fig. 4): The lower doses of 
rilmenidine (1.25 and 2.5 mg/kg) did not significantly 
modify the spontaneous motor activity of the rats when 
compared with controls. Doses of 5 and 10 mg/kg of 
rilmenidine produced 25 and 52% reductions, respec- 
tively, in activity. Clonidine at doses of 0.031 mg/kg 
did not significantly reduce motor activity but signifi- 
cant reductions were produced by doses of 0.062 mg/ 
kg (reduction of 35%). A comparison of equipotent 
doses (i.e., that dose producing 35% reduction in motor 
activity) showed that rilmenidine was 80 times less 
active than clonidine. 

Barbiturate-induced sleep in the rat (Fig. 5): The 
administration of pentobarbitone (30 mg/kg) to the rat 
inhibited the righting reflex for 57 + 9 minutes in con- 
trol animals. Pretreatment with rilmenidine (dose 
range 1.25 to 10 mg/kg) did not produce any significant 
alteration of the sleeping time induced by pentobarbi- 
tone when compared with control animals. Clonidine 
at a dose of 0.062 mg/kg did not significantly change 
the barbiturate-induced sleeping time. Higher doses of 
clonidine produced significant increases in sleeping 
time (58% after a dose of 0.125 mg/kg and 96% after a 
dose of 0.25 mg/kg). 
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Discussion 


In both SHRs and normotensive rats, we have dem- 
onstrated that rilmenidine is effective in reducing BP. 
In SHRs, an i.v. injection of rilmenidine produced a 
biphasic effect on BP. Such a response is consistent 
with the response produced by other a2-adrenoceptor 
agonists. We studied the effects of rilmenidine in 
comparison with those of clonidine, an o;-adrenocep- 
tor agonist used in antihypertensive therapy.?72? The 
initial increase in BP observed with i.v. administration 
of rilmenidine or clonidine is attributed to an action 
mediated by peripheral postsynaptic o adrenoceptors 
located in the vasculature. This transient increase in 
BP was followed by a prolonged hypotension, general- 
ly thought to be due to a stimulatory action at central a, 
adrenoceptors and possibly peripheral presynaptic o; 
adrenoceptors. In the SHR, the ratio for hypotensive 
doses of rilmenidine and clonidine was found to be 
between 50:1 and 30:1 in 2 separate series of experi- 
ments. A reduction in HR accompanied the decrease 
in BP after i.v. administration of either rilmenidine or 
clonidine. A single oral dose of rilmenidine in the 
conscious SHR also produced a significant decrease in 
systolic BP even at the lowest doses studied (0.15 mg/ 
kg) without a change in HR. 

Having established that rilmenidine reduces BP in 
SHRs, we then examined the hemodynamic effects of 
this drug in normotensive male rats. Both rilmenidine 
and clonidine showed dose-dependent hypotensive 
properties. The selective o;-adrenoceptor antagonist, 
idazoxan, led to an inhibition of both hypotensive and 
bradycardiac effects induced by rilmenidine and clon- 
idine. This response clearly suggests an interference of 
these drugs with a2 adrenoceptors.??-?! There is evi- 
dence that the bradycardia produced by these agents 
may be at least partially due to an increased vagal 
activity after the reduction of sympathetic tone by ril- 
menidine.!? After pretreatment with prazosin, admin- 
istration of rilmenidine or clonidine did not lead to a 
further decrease in BP. In fact, the hypotensive effects 
of these drugs were substantially masked by prazosin. 
This suggests that either the hypotension induced by a 
blockade of vascular a; adrenoceptors is not enhanced 
by a reduction in sympathetic activity or that maximal 
vasodilation had already been attained.27:32:33 

Peripheral postsynaptic effects of rilmenidine and 
clonidine were assessed in the unstimulated normo- 
tensive pithed rat (pressor response). Idazoxan inhibit- 
ed the pressor effect produced by a single dose of 
rilmenidine, leaving that produced by clonidine unaf- 
fected. However, prazosin significantly inhibited the 
pressor responses induced by both drugs, suggesting 
an involvement of a; adrenoceptor agonism by these 
agents. In studies performed with cumulative doses of 
rilmenidine or clonidine, the pretreatment with ida- 
zoxan abolished the postsynaptic pressor effects oí 
rilmenidine but not those produced by clonidine, 
whereas pretreatment with prazosin did not block the 
pressor responses to either rilmenidine or clonidine. 
This differential selectivity of rilmenidine and cloni- 
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FIGURE 5. Effects of rilmenidine and clonidine on the pentobarbi- - 


tone (30 mg/kg) induced sleeping time in the rat. Mean values + 
standard error of the mean (n — 8). *p «0.05; **p «0.01 vs saline 
(Dunnett's test). ip — intraperitoneally. 


dine for postsynaptic o? adrenoceptors suggests that 
the postsynaptic effects of rilmenidine are primarily 
a5-mediated, whereas those of clonidine involve both 
a, and o; adrenoceptors. These data are in agreement 
with other studies suggesting a differential selectivity 
of these agents for o; adrenoceptors.!?** 

The relative contribution of peripheral presynaptic 
a, adrenoceptors to the antihypertensive effects of ril- 
menidine were examined in the electrically stimulat- 
ed pithed rat with or without adrenalectomization.?!.9? 
At the first doses studied, rilmenidine (0.1 mg/kg) and 
clonidine (0.003 mg/kg) significantly inhibited the 
stimulation-induced tachycardia. Circulating adrena- 
line liberated from the adrenal medulla acts at pre- 
synaptic 8 adrenoceptors, thus facilitating neurotrans- 
mitter release.?»36 To eliminate this interference, 
therefore, we conducted a similar series of experi- 
ments in pithed electrically-stimulated rats that had 
undergone adrenalectomy. Rilmenidine then showed 
clear presynaptic effects at a dose of 0.1 mg/kg, where- 
as clonidine did not show such effects at a dose of 0.003 
mg/kg. Although it is difficult to draw any firm conclu- 
sions at this stage, the data presented suggest that a 
component of the activity of rilmenidine is exerted 
through peripheral presynaptic a? adrenoceptors and 
that the adrenal medulla does not significantly affect 
the activity of this drug. 

Studies on isolated blood vessels have shown that 
rilmenidine was 27 times less potent than clonidine at 
postjunctional a adrenoceptors and 15 times less po- 
tent than clonidine at prejunctional a adrenoceptors, 


indicating a possible preferential prejunctional action : 
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of J——— 16 These potency ratios —— well 
with those obtained in binding studies.!°" 

Possible changes in plasma catecholamines were 
examined in the SHR. Plasma noradrenaline and 
. adrenaline levels were measured as indicators of sym- 
Piin iow nerve fiber activity and of adrenal medulla 
activity, respectively. 37-49 The secretory activity of the 
adrenal medulla is modulated by central stimuli of the 
vasomotor centers via sympathetic nerve fibers.?*! 
Rilmenidine like clonidine reduced plasma catechol- 
amine levels parallel with a decrease in BP and HR. 


. Rilmenidine and clonidine at equihypotensive doses 


reduced plasma noradrenaline levels to a similar ex- 
tent. However, adrenaline levels were reduced much 
less by rilmenidine than by clonidine. These results 
suggest that in comparison with clonidine, an action on 
the peripheral sympathetic nervous system appears to 
- contribute to the hypotensive effect of rilmenidine. 
. These data agree with a study investigating the proper- 
. ties of rilmenidine in hypertensive humans.” 

As already mentioned, sedation is one of the major 
side effects of o;-adrenoceptor agonists used in antihy- 


. pertensive therapy. There appears to be a close con- 


. nection between this sedative action and stimulation 
-. of central a, adrenoceptors.574? Various animal mod- 
Pele including chicks? and rats,^^ have been used to 
_ study these sedative effects. The 2-day-old chick is a 
-~ good experimental model because it has a poorly de- 
= veloped blood-brain barrier. Administration of ril- 


-= menidine to chicks had no sedative effects in doses up 


to 1 mg/kg. Clonidine induced sedation from a dose 
one-fiftieth that of rilmenidine (i.e., 0.075 mg/kg). Fur- 


: _ thermore, the maximal duration of sedation produced 
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- by rilmenidine was only one-third that produced by 
clonidine. The dose-sedation curve produced by cloni- 
. dine was bell-shaped and agrees with earlier studies.!? 
. Rilmenidine failed to produce the expected bell- 
Paced curve seen with partial o; agonists or the linear 
_ dose-response curves observed with full o; agonists. In 
the rat, rilmenidine reduced motor activity at doses 
approximately 80 times greater than clonidine, while 
E antihypertensive properties identical to those 
. of clonidine at doses approximately 30 times greater. 
- In the same species, rilmenidine had no effect on the 
P'Sutentiatton of barbiturate-induced sleep, even in 
. doses of 10 mg/kg, whereas clonidine produced a sig- 
nificant potentiation of the sleeping time at doses of 
0.125 mg/kg and higher. Similar studies performed in 
the mouse also show that in doses up to 10 mg/kg, 


— rilmenidine in contrast to clonidine did not prolong the 


hexobarbitone-induced sleeping time.?? 


A We have observed a dissociation of the neurophar- 


-macologic side effects of rilmenidine from the antihy- 
. pertensive properties of this drug. The respective con- 
tribution of central and peripheral components to the 
odd isle action of rilmenidine remains un- 
. clear, but it would appear that peripheral presynaptic 
a2 adrenoceptors play a more important role in the 


E antihypertensive action of rilmenidine than that of 


clonidine. One possibility that could explain the dif- 


F ferent central nervous system effects of rilmenidine 


_ and clonidine is that these 2 drugs may act to a differ- 
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ent extent at — 0t? adrenoceptors responsible for 
sedation and at receptors (a» adrenoceptors or “imid- 
azole receptors," or both?) responsible for regulation 
of BP in the brain stem.4947 
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-Action of Rilmenidine on Locus Ceruleus and Dorsal 
Raphe Cells In Vivo and In Vitro 


ALBERT DRESSE, MD, PhD, JACQUELINE SCUVÉE-MOREAU, PhD, 
and VINCENT SEUTIN, MD 


The effect of rilmenidine (S 3341) and clonidine on 
the firing rate of locus ceruleus (LC) and dorsal ra- 
phe (DR) cells was studied in vivo after systemic 
and microiontophoretic administration. The effect of 
the 2 drugs was also studied in vitro on brain slices 
containing LC cells. 

Rilmenidine and clonidine inhibited the firing of 
LC and DR neurons. Complementary experiments 


E eun (S 3341) 2-|(dicyclopropylmethyl]-ami- 
no| 2-oxazoline, like clonidine, presents a selective 
affinity for a» receptors.!? It reduces blood pressure 
both in animals by a central action? and in normal 
humans.* It has-been shown to present antihyperten- 
sive properties in patients.? 

Differences have been observed between the 2 
drugs. Rilmenidine appears to be less sedative in ani- 
mals and humans* and does not produce the rebound 
effect on rapid eye movement sleep observed after a 
prolonged clonidine infusion in rats.® 

To further differentiate the central pharmacologic 
properties of rilmenidine and clonidine, the effects of 
these 2 drugs on the spontaneous firing of locus ceru- 
leus (LC) noradrenergic and dorsal raphe (DR) sero- 
tonergic neurons were compared. Electrophysiologic 
recordings were performed, in anesthetized rats, by 
extracellular microelectrodes before and after intra- 
venous (i.v.) infusion of local microiontophoretic injec- 
tions. Brain slices from the pontine region containing 
LC cells were also tested. 


Methods 


Electrophysiologic recording and intravenous in- 
fusion: Male Wistar rats (weighing 200 to 300 g) were 
used. The rats were anesthetized with chloral hydrate 
(400 mg/kg intraperitoneally) and fixed in a stereotaxic 
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performed with yohimbine and prazosin demon- 
strated that the effect of LC is related to an agonis- 
tic action on œ somatodendritic receptors, whereas 
the effect observed on DR cells is indirect. On LC 
cells, clonidine is 30 to 60 times as potent as ril- 
menidine. These observations may be related to 
less sedative effects of rilmenidine than of clonidine. 
(Am J Cardiol 1988;61:32D-34D) 


apparatus. Their temperature was maintained at 36 to 
37°C by means of a heating pad. A small bone flap was 
removed above the implantation point. The activity of 
LC and DR neurons was recorded by nickel-chrome or 
glass extracellular microelectrodes. 

The electrodes were implanted at the following co- 
ordinates: LC—1.8 to 2.2 mm posterior, 1.1 to 1.3 mm 
lateral from lambda, height approximately 6 mm un- 
der the cerebellar surface; and DR—0.2 to 0.5 mm 
anterior, 0.0 lateral from lambda, height approximate- 
ly 5 mm under the cortical surface. 

Action potentials were passed through an imped- 
ance adapter and an amplifier into a Tektronix (5103N) 
oscilloscope. The signals were also introduced into an 
electronic amplitude discriminator and counted by a 
digital counter. 

Electrophysiologic parameters were used to recog- 
nize the various cell types. LC neurons are character- 
ized by a regular firing rate of 0.5 to 5 spikes/s. They 
are activated by a tail stimulation. DR neurons present 
a low and regular frequency of discharge of 0.2 to 2 
spikes/s. The baseline firing rate of each neuron was 
determined during a control period of a few minutes 
before drug administration. 

The drugs were perfused into the jugular vein by 
means of a perfusion pump (flow rate 6 ml/min). Clon- 
idine and rilmenidine were dissolved in saline solu- 
tion. In some experiments, yohimbine HCl or prazosin 
HCl were perfused a few minutes before and during 
the perfusion of rilmenidine or clonidine. Prazosin 
was dissolved in a 5% glucose solution. Drug concen- 
trations refer to the bases. 

The effect of the drugs was continuously monitored 
and the perfusion stopped after a 50% decrease of the 
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TABLE! Effect of Clonidine and Rilmenidine (S 3341) on Locus Ceruleus (LC) and Dorsal Raphe 
(DR) Cells 
ID 50 IT 50 
LC DR LC DR 
Clonidine 5.5 + 0.6 (6) 6.5 + 1.3 (6) 463 + 69(7) > 1,200 (7) 
Rilmenidine 350 + 30 (6) 330 + 90 (5) 2,500* + 261 (6) > 4,500 (8) 


* Rilmenidine is 10 times more concentrated than clonidine. 

Values are expressed as mean + standard error of the mean. 

ID 50 = mean dose (in ng-kg~') required to produce a 50% inhibition of the firing rate intravenously; IT 
50 — mean charge (in nA - second) required to obtain the same effect after microiontophoresis; numbers in 


parentheses are numbers of cells studied. 
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FIGURE 1. Effect of increasing concen- 7 
trations of clonidine (CLO) and rilmeni- 0 
dine (S 3341) on the spontaneous firing 60 
of locus ceruleus (LC) cells in brain 
slices. The activity of the cells at various = 50 
log concentrations (x axis) of the 2 drugs x: 
are expressed in percent of the basal 4 40 
firing rate (n = 13 for clonidine and n = $ 30 
12 for rilmenidine ). 
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control firing rate was reached. If the drug elicited an 
increase of the firing, the perfusion was continued 
until a plateau was obtained. Later, the total dose nec- 
essary to obtain a 50% inhibition (ID 50) was calculat- 
ed by means of an appropriate computer program. For 
each cell type, 6 complete and interpretable results 
were obtained on 6 different rats. 

Finally, the rats were perfused with a solution of 
4% formaldehyde and the brain removed for histolog- 
ic control of the position of the electrode. 

Microiontophoretic injection: For the microionto- 
phoretic injections, 4 barrel glass micropipets and a 
Medical System Apparatus were used. The central 
barrel, filled with NaCl 2M saturated with fast green, 
was used for recording action potentials; the side bar- 
rels were filled, respectively, with rilmenidine phos- 
phate 0.1M, clonidine HCl 0.01M or lysergic acid di- 
ethylamide (LSD) bitartrate 0.001M in NaCl 0.1M and 
NaCl 4M for automatic current balancing. LSD was 
used as a control for the DR neurons. 

The responsiveness of LC and DR neurons to the 
iontophoretic application of rilmenidine, clonidine or 
LSD was assessed according to Simmonds’ and de 
Montigny and Aghajanian? by determining the charge 
(IT 50) required to produce a 50% inhibition of the 


firing rate. This value was calculated by multiplying 
the current used (in nA) by the time (in seconds) re- 
quired to produce this inhibition. 

The recording point was indicated by an ejection of 
fast green and the animal was perfused for the histo- 
logic control as previously described. 

Brain slices: Pontine brain slices obtained by vibra- 
tome cutting and containing the LC region were placed 
in a perfusion chamber. Oxygenated artificial cerebro- 
spinal fluid was superfused. In these conditions, it was 
possible to record the spontaneous firing of LC cells by 
the same electronic system as described for in vivo 
experiments. Clonidine and rilmenidine were added 
in nanomolar concentrations to the perfusion solution. 

Statistical analysis: The results were analyzed by 
means of the Student t test and analysis of variance. 


Results 


Effect of an intravenous perfusion on the firing 
rate of the neurons: Locus ceruleus noradrenergic 


neurons: The intravenous perfusion of clonidine at a : 


dose of 1 ug-kg"'-min^! progressively decreased the 
spontaneous firing rate of the LC neurons. A similar 
effect was observed with rilmenidine after a higher 
dose (100 ug-kg-!-min^!). The calculated ID 50 values 
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-~ are listed in Table I. An i.v. perfusion of yohimbine, 0.2 
= mgkg`'min™t, initiated a few minutes before and 
= maintained during the perfusion of clonidine or ril- 
. menidine increased the LC neurons’ firing rate and 
. completely blocked the inhibitory effect of the 2 drugs. 
^ In the same conditions, the perfusion of prazosin 
. (0.2 mg-kg~!-min~') did not induce a modification of 
. the clonidine and rilmenidine ID 50. 
Kk Dorsal raphe neurons: The i.v. perfusion of cloni- 
dine (1 ug-kg-"'-min^!) progressively decreased the 
_ firing rate of DR neurons. A similar effect was ob- 
f . served in 5 of 6 rats receiving rilmenidine after 100 
-— wg-kg~!-min~! (Table I). 
Microiontophoretic injection: Locus ceruleus neu- 
~ rons: The iontophoretic application of clonidine (5 to 
— 10nA) induced a progressive decrease of the LC spon- 
taneous firing rate. After interruption of the ejection, 
60 seconds were necessary to reach the baseline activi- 
ty. The iontophoretic application of rilmenidine (30 
nA) also produced a decrease of the LC firing rate 
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b during 40 seconds. The mean IT 50 values were 463 + 
; e» nA-second for clonidine (n = 7) and 2,500 + 261 
F nA-second (n = 6) for rilmenidine, respectively. 


Dorsal raphe neurons: In opposition to the observa- 
— tions on the LC, both clonidine (10 nA) and rilmeni- 
dine (30 nA) had no clear-cut effect on DR neurons 
during a direct microiontophoretic application. Some 
cells responded by an activation, others were inhibited 
or the activity was unchanged. In contrast, LSD (10 nA) 
taken as a control inhibited the firing of DR neurons 
(IT 50 = 273 + 34 nAs, n = 11). 

p In vitro perfusion on locus ceruleus slices: The 
. perfusion of clonidine (1 to 20 nM, n = 13) and rilmeni- 
dine (100 to 500 nM, n = 12) produced a rapid and 
-. reversible decrease of the LC cells firing rate (Fig. 1). 
_ The IC 50 estimated from the semilog plot seen in 
Figure 1 were 5.8 and 151.3 nM for clonidine and 
rilmenidine, respectively. 


Discussion 


Action on locus ceruleus cells: The 3 experimental 
conditions described clearly demonstrated that cloni- 
dine and rilmenidine inhibited the spontaneous firing 
of noradrenergic LC neurons by a direct effect. 

This inhibitory effect may be explained by an ago- 
nistic action on the somatodentritic o;-adrenergic re- 
ceptors described by Svensson et al? and Cedarbaum 
and Aghajanian.!? 

The selectivity of action of clonidine and rilmeni- 
dine on o; vs a; receptors is supported by the results 
obtained with yohimbine and prazosin. The former 
__ drug antagonized the action of clonidine and rilmeni- 
_ dine, whereas the latter was inactive. 

From a quantitative point of view, clonidine seems 
to be 30 to 60 times more potent than rilmenidine to 
inhibit the firing of LC cells in vivo and in vitro. This 
. ratio seems to be higher than the therapeutic range of 
activity between the 2 drugs. This difference in activity 
- could explain the differences observed between ril- 
menidine and clonidine in relation to the sedative side 
effects of the 2 drugs in clinics because LC appears to 
be implicated in the sleep and arousal mechanisms.!! 
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Action on dorsal raphe cells: In contrast to the 
effect on LC cells, clonidine and rilmenidine appear to 
have only an indirect effect on serotonergic DR neu- 
rons. The inhibitory action observed after systemic i.v. 
perfusion was not obtained during a local microionto- 
phoretic application of clonidine and rilmenidine. In 
these conditions, LSD produced a decrease of the DR 
cells activity. 

Our observations are in agreement with the tonic 
regulation of the DR neurons by the LC noradrenergic 
neurons described by Baraban and Aghajanian.!? The 
inhibition of the DR neurons observed only after sys- 
temic administration of clonidine and rilmenidine ap- 
pear therefore to be secondary to the suppression of 
the tonic noradrenergic regulation. 

Effect on locus ceruleus slices: The effects previ- 
ously described were confirmed by the experiments 
performed on LC slices. Also, in those in vitro condi- 
tions, clonidine and rilmenidine inhibited the sponta- 
neous firing of the cells. Clonidine is about 30 times 
more potent than rilmenidine in these conditions. 


Conclusion 


The results obtained showed that clonidine and ril- 
menidine produced a direct agonistic action on a»- 
somatodendritic LC cell receptors. Clonidine is 30 to 
60 times more potent than rilmenidine on LC. The 
inhibitory effect observed on the firing of DR cells 
appears to be related to the reduction of the LC tonic 
influence. 
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Effects of Two Alpha; Agonists, Rilmenidine and 
Clonidine, on the Morphine Withdrawal Syndrome ant 
Their Potential Addictive Properties in Rats 


CAROLINE TIERNEY, BSc, 
ELISABETH KOENIG-BERARD, 


The interaction between adrenergic systems and 
opiate receptors or neuronal systems linked to these 
receptors has been previously demonstrated. For 
this reason, clonidine can be used to reduce with- 
drawal syndrome to opiates. Rilmenidine (S 3341) 
is a new agonist of œ adrenoceptors. The purpose 
of these experiments was to compare the effects of 
rilmenidine and clonidine on morphine withdrawal 
syndrome and their potential addictive properties in 
the rat. Rats were made morphine-dependent by re- 
peated intraperitoneal (i.p.) administration of in- 
creasing doses of morphine. Withdrawal was pre- 
cipitated by injecting naloxone subcutaneously. 
Withdrawal scores were evaluated for 10 minutes. 
Clonidine (0.05, 0.1 and 0.2 mg/kg, i.p.) and ril- 
menidine (5 and 10 mg/kg, i.p.) significantly re- 
duced overall withdrawal scores. 

Addictive potential was evaluated in the rat by a 
place preference test after the following treatments 


Bee sive is a centrally acting antihypertensive 
agent that has also been used effectively to alleviate 
symptoms of opiate withdrawal.!? The activity of nor- 
adrenergic neurons in the locus ceruleus increases 
during withdrawal suggesting the a2-agonistic proper- 
ty of clonidine as the likely mechanism of action of this 
drug.? Much evidence supports this suggestion. The 
selective o; antagonist, yohimbine, exacerbates the 
naloxone-induced withdrawal syndrome,* and both 
clonidine and guanfacine have been shown to de- 
crease the naloxone-induced increase in noradrena- 
line turnover in the cortex of morphine-dependent 
rats.? 
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(mg/kg, i.p.): rilmenidine 0.1 to 5, clonidine 0.01 
0.5, heroin 0.12, and d-amphetamine 1.5. Rilmen 
dine did not modify the time spent in the condition 
side at doses of 0.1 to 1 and 5 mg/kg, but in- 
creased it at 2.5 mg/kg (+25%). In contrast, a r 
inforcing effect was induced by clonidine (43-2196 
T4396, +34% at 0.1, 0.25, 0.5 mg/kg), heroin 
(+39%) and amphetamine (+52% ). In conclu- 
sion, rilmenidine as well as clonidine reduced the 
morphine withdrawal syndrome. However, rilmeni: 
dine was 100 times less active than clonidine. Clc 
idine, heroin and d-amphetamine have clear rein- 
forcing properties. Rilmenidine did not exhibit 
dose-dependent reinforcing properties and the iso- 
lated effect noted after 2.5 mg/kg is difficult to in- 
terpret because it is minor and is not observed wi 
a higher dose. In contrast to reference products, r 
menidine does not seem to have addictive potenti 
(Am J Cardiol 1988;61:35D-38 


Rilmenidine (S 3341) is a new az agonist with effe 
tive antihypertensive properties but which interestin 
ly induces minimal sedative side effects. We ha 
compared the effects of this drug and of clonidine | 
the morphine withdrawal syndrome and investigat 
their potential addictive properties in the rat. 


Methods 


Effects on the morphine withdrawal syndrome 
the rat: This study was performed in male Spragi 
Dawley rats (Iffa-Credo) (mean weight 300 g before t 
experiment). Groups of 4 rats were placed in plas 
cages in an animal room under stable conditions 
temperature and light. The rats were rendered m« 
phine-dependent by a 10-day chronic administrati 
(2 injections per day, at 9.00 a.m. and 5.00 P. M.) of me 
phine at doses increasing from 10 to 90 mg/kg, inti 
peritoneally (i.p.) (i.e., 20 to 180 mg/kg/24 hours). T 
morphine dose was increased by 20 mg/kg every 
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board with the walls and floor of half of the cage 
covered with a dull black adhesive. The floors of both 
compartments were covered with transparent plastic 
sheets of different textures. All elements of the cage 
(structure, color and type of floor) were separately ana- 
lyzed and then combined in order to reduce spontane- 
ous preference of the rat for one or the other compart- 
ment as much as possible. A guillotine door colored 
black or white, in keeping with the color of the appro- 
priate side of the compartment, could be inserted to 
confine rats to 1 or the other side. The floor of the cage 
was mounted on a central axis and a photoelectric cell 
was placed under the cage for recording of the dis- 
placement of the rat as well as the time spent in each 


The experiment was performed over 9 days in 3 
phases. Phase 1 consisted of an habituation phase and 
lasted 1 day. The rats were introduced into the cage for 
15 minutes, sufficiently long to allow evaluation of 
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TABLE! Morphine Withdrawal Syndrome: Methods of Evaluation 
of Intensity 

Symptoms Intensity Score 

Jumps 0 0 

1-4 1 

5-9 2 

>10 3 

Salivation 0 0 

E s 3 

T4 5 

+++ 7 

Diarrhea 0 0 

+ 2 

Ptosis 0 0 
+ 2 compartment. 

Teeth-chattering 0 0 

+ 1 

++ 2 

+++ 3 

Ejaculation and/ 0 0 

or erection + 3 


The withdrawal score per symptom is the sum of scores for each rat. The 
withdrawal score per rat is taken as the sum of scores for each symptom rated 
. (a maximum of 20). 


days and on the 11th day, the rats received a last injec- 
tion of 90 mg/kg morphine, followed 3 hours later by a 
subcutaneous injection of naloxone (2 mg/kg) to trigger 


.. the withdrawal syndrome. Ten minutes before the in- 


jection of naloxone, the rats received an i.p. injection 
of saline solution (1 ml/kg), rilmenidine (0.1, 0.5, 1, 5 or 
10 mg/kg) or clonidine (0.001, 0.01, 0.05, 0.1 or 0.2 mg/ 
kg), (n = 6 to 8 for all 11 groups). Ten minutes after the 
injection of naloxone, behavioral and physiologic pa- 
rameters characteristic of the withdrawal syndrome 


.. were noted. Rats were observed after being placed in 


clear cylindrical plastic drums for a 10-minute period. 
Behavior was recorded on videotape for subsequent 
reanalysis. Six withdrawal symptoms were rated using 
the technique of Gellert and Holtzman.’ These symp- 
toms were rated in terms of intensity (number of 
jumps, salivation, teeth-chattering), or as present or 
absent (diarrhea, ptosis, ejaculation or erection, alone 
or in combination). The rating system used is shown in 
Table I. 

Assessment of the addictive potential in the rat: 
The addictive potential of rilmenidine and clonidine 
was evaluated by a spatial conditioning test referred to 
as "place preference." This test is based on condition- 


_ ing of the rat to associate a given environment with the 


test substance. Thus, for an addictive substance the rat 
will subsequently prefer the conditioned environment 
to that associated with injection of the solvent. 

This study was carried out in Sprague-Dawley rats 
(Iffa-Credo) (mean weight 200 g). The rats were placed 
in a rectangular cage consisting of 2 juxtaposed com- 
partments that differed in terms of color of walls 
(white or black) and by type of floor (rough or smooth). 
The chamber measured 55 cm high, 35 cm wide and 80 
cm long, and was manufactured from dull white fiber- 


spontaneous preference but short enough not to rein- 
force such preference. This phase allowed elimination 
of any rat presenting an excessively marked spontane- 
ous preference for 1 or the other compartment. It also 
enabled us to construct homogeneous groups, because 
animals always show a preference for 1 of the 2 sides. 
The test agents were studied by injection on the pre- 
ferred side for some rats and on the opposite side for 
others. Half of the rats were tested on the black side 
and the other half on the white side. 

Phase 2 was a conditioning phase and lasted 6 days. 
During this phase the guillotine door was in place, 
separating the 2 compartments. The rats were con- 
fined either to the black or to the white side for 20 
minutes following an i.p. injection of solvent (saline) or 
the test agent. The following test agents were adminis- 
tered: rilmenidine (0.1, 1, 2.5, 5 mg/kg), clonidine (0.01, 
0.1, 0.25, 0.5 mg/kg), heroin (0.12 mg/kg) and d-am- 
phetamine (1.5 mg/kg). Heroin and d-amphetamine 
were chosen as reference substances because of their 
known addictive potential. This conditioning was re- 
peated daily (3 times for the solvent and 3 times for the 
test substance), and the rat thus associated 1 of the 2 
environments with the test substance and the other 
with the solvent (n = 10, for each group except for 
controls n = 21, and d-amphetamine and heroin n = 6 
each). 

The last phase lasted 2 days. Twenty-four and 48 
hours after conditioning, each rat was introduced to 
the cage for 15 minutes, with freedom to move be- 
tween the black and white compartments. Time spent 
before and after conditioning on the side associated 
with the test substance, expressed in seconds, was not- 
ed for each rat. Mean time values after 24 and 48 hours 
were then calculated. 

Statistics: Morphine withdrawal syndrome: Statis- 
tical analysis was performed for the overall score and 
for each withdrawal symptom using a 2-way analysis 
of variance followed by the Newman-Keuls test. 

Addictive potential: For each substance, an overall 
3-way analysis of variance (time X dose X subject) was 
performed, followed by a 2-way analysis of variance 
(time X subject) for each substance and each dose. 
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Results 


Effects on the morphine withdrawal syndrome in 
the rat: Control rats had an overall withdrawal score 
of 10.3 + 0.8. The most marked signs were diarrhea 
(score 2.0 + 0.0), salivation (4.0 + 0.7) and palpebral 
ptosis (2.0 + 0.0). Scores for the other withdrawal 
symptoms (jumping, teeth-chattering and ejaculation) 
were lower. 

Rilmenidine (0.1, 0.5 and 1 mg/kg) did not signifi- 
cantly modify the overall withdrawal score when com- 
pared with controls. At doses of 5 and 10 mg/kg, there 
was a significant reduction in the withdrawal score by 
48 and 55%, respectively, when compared with con- 
trol rats (Fig. 1). Effects of these 2 doses were not signif- 
icantly different from each other. Statistical analysis of 
the various symptoms of withdrawal studied showed 
certain differences when compared with control rats. 
A decrease in salivation (at a dose of 10 mg/kg), diar- 
rhea (0.5, 1.0, 5.0 and 10 mg/kg) and ptosis (5 and 10 
mg/kg) was observed. However, no change in ejacula- 
tion and/or erection, or in teeth-chattering was noted, 
and the number of jumps (5 and 10 mg/kg) was actual- 
ly enhanced. 

In a similar series of experiments, clonidine (0.001 
and 0.01 mg/kg) did not significantly modify the over- 
all withdrawal score when compared with controls 
(Fig. 1). At higher doses (0.05, 0.1 and 0.2 mg/kg), there 
was a significant reduction in the withdrawal score by 
51, 56 and 51%, respectively, when compared with 
control rats. No significant difference was observed 
between individual doses. When individual symptoms 
of withdrawal were compared with control rats, a simi- 
lar pattern as seen with rats treated with rilmenidine 
was observed. 

Decreases in salivation (with doses of 0.05, 0.1 and 
0.2 mg/kg), diarrhea (0.01, 0.05, 0.1 and 0.2 mg/kg) and 
ptosis (0.05, 0.1 and 0.2 mg/kg), no change in ejacula- 
tion or erection, or both, and a potentiation in both the 
number of jumps and teeth-chattering (0.05, 0.1 and 0.2 
mg/kg) was observed. 

Assessment of the addictive potential in the rat: In 
the control group, time spent by the rats on the condi- 
tioned side was not significantly different from the 
time spent on the side before conditioning. Rilmeni- 
dine (0.1, 1 and 5 mg/kg) did not significantly modify 
the time spent on the conditioned sides (Fig. 2). At a 
dose of 2.5 mg/kg, the time spent on the conditioned 
side was increased by 25%. Clonidine (0.01 mg/kg) 
was without effect. At higher doses, clonidine caused 
significant positive conditioning. Time spent on the 
conditioned side was increased by 21, 43 and 34% at 
doses of 0.1, 0.25 and 0.5 mg/kg, respectively. Heroin 
(0.12 mg/kg) and d-amphetamine (1.5 mg/kg) signifi- 
cantly increased time spent on the conditioned side (by 
39 and 52%, respectively). 


Discussion 


Possible interactions between the adrenergic and 
opiate receptor systems have been reported in both 
animals and humans. Although clonidine has been 
used in clinical medicine for reduction of the opiate- 


induced withdrawal syndrome, clonidine itself shows 
addictive properties.? We were interested in evaluat- 
ing the effects of rilmenidine on the morphine with- 
drawal syndrome and any possible addictive proper- 
ties this drug may exhibit in the rat. Rilmenidine 
decreased the overall morphine withdrawal score at 
doses of 5 mg/kg and higher. Nevertheless, this was 
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FIGURE 1. Effects of rilmenidine (RIL) and clonidine (CLO) on the 
morphine withdrawal syndrome in the rat. Doses are expressed as 
mg/kg intraperitoneally. Values are mean + standard error of the 
mean (n = 6 to 8). *p <0.05; **p <0.01 (Newman-Keuls test with 
respect to control group). 
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FIGURE 2. Effects of rilmenidine (RIL) and clonidine (CLO) on the 
place preference test in the rat. Doses are expressed as mg/kg 
intraperitoneally. Values are expressed as mean + standard error 
of the mean (n — 10, except for control group [n — 21] and groups 
treated with d-amphetamine [d-AMP] and heroin [HER] [n = 6]). AT 
= the difference between the time spent before and after condition- 
ing in the environment associated with the conditioning; *p «0.05; 
**p «0.01; ***p «0.001 (2-way analysis of variance with respect 
to preconditioning values). 
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approximately 100 times less effective than clonidine, 
which decreased the withdrawal score at doses of 0.05 


mg/kg and higher. Although both agents blocked phys- 


iologic manifestations of the withdrawal syndrome, 
i.e., ptosis and diarrhea, rilmenidine only reduced sal- 
ivation at a dose of 10 mg/kg, whereas clonidine was 
active at a dose of 0.05 mg/kg. Both drugs increased the 
number of jumps, an observation supported by a re- 
cent study showing that a;-adrenoceptor agonists in- 
crease the number of jumps during morphine with- 
drawal.’ This potentiation of jumping behavior hes 
been attributed to an increase in catecholamine levels 
in the brain. During the naloxone-induced withdrawal 
period in mice, potentiation of jumping behavior was 


- observed after administration of the monoamine oxi- 


dase inhibitor, pargyline,? and imipramine, a drug 


_ that inhibits reuptake of noradrenaline into nerve ter- 
 minals, also enhances morphine withdrawal activity 
. in mice.” It has also been reported that a central de- 
rangement of thermoregulatory mechanisms may be 
- involved in the morphine withdrawal syndrome.!?.?? 


~- Clonidine (intraventricular) inhibited precipitated 
_ shakes and potentiated escape attempts induced by 


naloxone in morphine-dependent rats, while reducing 
body temperature in morphine-implanted animals— 


-. observations that suggest that clonidine modulates the 
- symptoms of morphine withdrawal by increasing be- 


havior associated with heat dissipation (i.e., escape at- 
tempts) and reducing behavior associated with heat 
gain mechanisms (i.e., precipitated shakes) by stimu- 
lating central noradrenergic pathways.?? 

— The study of the addictive potential of rilmenidine 
showed that in contrast to clonidine, which exhibits an 
addictive potential comparable to that of heroin (be- 
ginning at a dose of 0.1 mg/kg), rilmenidine was ob- 
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served to have no addictive potential at doses of 0.1, 1 
or 5 mg/kg. It is unclear why positive conditioning was 
observed with rilmenidine at a dose of 2.5 mg/kg, but 
this effect was not observed at 5 mg/kg. Thus, while 
possessing a capacity to reduce the morphine with- 
drawal syndrome, rilmenidine appears almost devoid 
of addictive potential in the rat, an observation that is 
advantageous in view of the potential therapeutic 
properties of this drug. 
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Effects of Continuous Infusions (10 Days) and 
Cessation of Infusions of Clonidine and Rilmenidine 
(S 3341) on Cardiovascular and Behavioral 
Parameters of Spontaneously Hypertensive Rats 


BEVYN JARROTT, PhD, STEPHEN J. LEWIS, PhD, AUSTIN E. DOYLE, MD, 


and WILLIAM 


Clonidine is a centrally acting antihypertensive drug 
that acts in vivo at both o,- and o;-adrenoceptor 
sites, whereas rilmenidine (S 3341) is more selec- 
tive for œ) adrenoceptors. The present study com- 
pared the effects of continuous 10-day infusions of 
Clonidine (5 «g/kg/hour) with those of rilmenidine 
(100 4g/kg/hour) on various cardiovascular and 
behavioral parameters in the spontaneously hyper- 
tensive rat. The changes in these parameters after 
cessation of the infusions were also compared. At 
these rates of infusion, clonidine and rilmenidine 
produced quantitatively similar reductions in mean 
arterial pressure (MAP), lability of MAP and cardio- 
vascular responsiveness during normal behaviors 


T cardiovascular depressant effects of clonidine in 
experimental animals are mediated primarily by stim- 
ulation of « adrenoceptors within the bulbospinal re- 
gions of the brain,'? although it has been suggested 
that this drug may effectively reduce sympathetic 
neurotransmission by direct (a adrenoceptor-mediat- 
ed) action on the sympathetic nerve terminals of the 
heart* and vasculature.? The continuous infusion of 
clonidine (21 ug/kg/hour for 12 days) produces hypo- 
tension in spontaneously hypertensive rats (SHRs), 
whereas on cessation of this infusion a marked lability 
of arterial blood pressure, tachycardia and behavioral 
phenomena reminiscent of opiate abstinence are ob- 
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such as eating and grooming. Neither drug infusion 
affected heart rate. The cessation of the clonidine 
infusion resulted in a “withdrawal” syndrome char- 
acterized by prominent rapid eye movement-sleep 
rebound, and cardiovascular and behavioral distur- 
bances including an increased lability of MAP, exag- 
gerated cardiovascular responses during normal be- 
haviors, tachycardia, and an ‘‘opiate abstinence- 
like" syndrome including head and body shakes. 
Cessation of rilmenidine infusion resulted in some- 
what similar cardiovascular and behavioral distur- 
bances, but unlike clonidine there was a return to 
normal rapid eye movement sleep without rebound. 
(Am J Cardiol 1988;61:39D-44D) 


served.^? Because the pharmacologic actions of cloni- — 
dine involve central a; and o; adrenoceptors,” one — 


approach to defining the mechanisms underlying the 
posttreatment syndrome has been to examine com- 
pounds that differ from clonidine in their selectivity 
for o4- and o;-adrenoceptor subtypes.®!!-13 For exam- 
ple, the cessation of infusion of the highly selective o;- 
adrenoceptor agonist, azepexole (BHT-933),'4 results 
in similar cardiovascular and behavioral phenomena 
to those occurring after administration of clonidine." 


As such, it appears that a,-adrenoceptor stimulation - 


during the infusion of these drugs is somehow respon- 


sible for the subsequent withdrawal syndrome. The ~ 
new oxazoline derivative, S 3341 or rilmenidine, 2- . 
|(dicyclopropylmethyl) amino| 2-oxazoline, is a novel © 
antihypertensive drug with a different structure buta _ 


somewhat similar pharmacology to clonidine. Radio- 
ligand studies in brain homogenates suggest that ril- - 
menidine is a relatively potent a;-adrenoceptor ago- 
nist that, unlike clonidine, has little or no potency at 
the a,-adrenoceptor site.!€ Consequently, the aim of i 
the present study was to contrast and compare the - 
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infusion and postinfusion effects of clonidine and ril- 
menidine on several cardiovascular and behavioral 
parameters in the SHR strain. 


Methods 


Female SHRs aged 24 weeks and weighing 220 to 
254 g were used. Before and during the experiments, 
the rats were housed individually in perspex cages in a 
quiet room that had a 12-hour light (0800 to 2000 hours) 
to 12-hour dark cycle and temperature of 22 + 1?C. 
Food and water were freely available. 

Surgery: In these rats, continuous infusions of sa- 
line solution (NaCl, 0.9% weight/volume [w/v]) or 
clonidine (5 ug/kg/hour, in terms of base) or rilmeni- 
dine (100 ug/kg/hour, base) were maintained for 10 
days through subcutaneously implanted ALZET® os- 
motic minipumps (model 2002; nominal pumping rate 
0.5 ul/hour; ALZA Corporation). Under halothane an- 
esthesia (2% in 100% oxygen], these minipumps were 
implanted subcutaneously through a small skin inci- 
sion at the back of the neck at 0000 hour on day 1 and 
removed at 2400 hours on day 10 of the infusion (i.e., 10 
complete days). On the fifth day of infusion, the rats 
were anesthetized with an intraperitoneal injection of 
amylobarbitone (30 mg/ml]/methohexitone (16.7 mg/ 
ml) solution (given 1 ml/kg body weight) and a perma- 
nent indwelling cannula (PE-50, 0.58 mm internal) 
filled with 0.9% w/v saline containing heparin (50 U/ 
ml) was inserted into the thoracic aorta through the left 
common carotid artery. The free end was passed sub- 
cutaneously to the back of the neck and exteriorized 
through a small stab wound in the skin. The arterial 
cannula was flushed immediately with 100 ul of hepa- 
rinized (50 U/ml) saline and twice a day during the 
experiments. All rats were examined at postmortem 
for the presence of aortic or renal infarction. If either 
were observed, the results were discarded. In addi- 
tion, arterial blood (400 ul) was taken from these rats 
both on day 7 of infusion and at the end of the postinfu- 
sion phase and the serum concentrations of electro- 
lytes (sodium, potassium and chloride], urea and creat- 
inine were determined. If the circulating levels of 
creatinine were found to be higher than 0.08 umol/ 
liter, the rats would have been discarded (none in 
these studies). 

Cardiovascular and behavioral parameters: To 
recor! pulsatile arterial pressure and heart rate in 
these .reely moving rats, the cannulas were connected 
to a pressure transducer (DRUK PDCR 75) placed out- 
side the cage at the level of the heart. Pulsatile pres- 
sure (mm Hg) and heart rate (beats/min) were record- 
ed on a Grass Polygraph (type 7D). The arterial 
pressures and heart rates of these rats were recorded 
continuously between 1400 and 1800 hours on days 7 
and 10 of infusion and between 0600 and 0800 hours 
and 1000 and 2000 hours on the postinfusion day. The 
mean arterial pressure (MAP [mm Hg]) was calculated 
arithmetically from the formula: MAP - diastolic 
pressure + (systolic pressure — diastolic pressure)/3. 
The standard deviation, a measurement of the disper- 
sion of the responses about the average value, served 
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as the index of lability! in these experiments. The 
lability indexes were derived by determining MAP for 
each successive 15-second period over a 10-minute 
time span when the rats were awake and resting. 

Consequently 40 MAP values (4 values per minute 
for 10 minutes) were used to determine the mean + 
standard deviation of arterial pressure over that 10 
minutes. The lability index was determined by taking 
the standard deviation value for each rat in the group 
(n = 5 in each case) and determining the mean + 
standard error of these standard deviations. The inci- 
dence of opiate-abstinence-like behaviors were moni- 
tored throughout the infusion and postinfusion phases 
as previously described.'*!% Studies on rapid eye 
movement (REM) sleep were performed as previously 
described." 

Biochemical parameters: The serum concentra- 
tions of sodium, potassium, chloride, urea and creati- 
nine were determined simultaneously in an ASTRA 4 
automated analyzer (Beckman Instrument Company). 

Statistical analyses: All values represent mean + 
standard error of the mean. The significance of differ- 
ences between groups over time were determined by 
1-way analysis of variance with repeated measures 
followed by a Student modified t test with the Bonfer- 
roni adjustment for multiple comparisons.?! The p val- 
ue for a significant difference is expressed as 0.05/n, 
where n = the number of comparisons between or 
within the group when appropriate. 


Results 


Infusion phase: MAPs, labilities of MAP, and heart 
rates of SHRs on days 7 and 10 of infusion of saline 
(0.9% w/v), clonidine (5 ug/kg/hour) or rilmenidine 
(100 ug/kg/hour) are listed in Table I. 

The infusions of clonidine and rilmenidine pro- 
duced consistent and sustained reductions in MAP 
and the lability of MAP but did not affect the resting 
heart rate. The effects of the clonidine infusion on 
MAP and lability of MAP were equivalent to those of 
the rilmenidine infusion on both days (p >0.05 for all 
between-group comparisons). The infusions of cloni- 
dine and rilmenidine produced marked reductions in 
the cardiovascular reactivity and, in particular, the 
heart rate changes during normal behaviors such as 
facial grooming (Fig. 1), eating and moving about the 
cage. 

Toward the end of the clonidine infusion (from ap- 
proximately day 7), the rats showed a general irritabil- 
ity and a marked reaction (vocalization, attempts to 
bite) to handling. The rats receiving the rilmenidine 
infusion displayed similar but milder behavioral re- 
sponses. No changes in the serum concentration of 
electrolytes, urea or creatinine were observed during 
the infusions of either clonidine or rilmenidine (Table 
II). 

Postinfusion phase: Just before the removal of the 
minipumps, the clonidine and rilmenidine groups had 
hypotension (—23 + 3 and —19 + 3% of control values, 
respectively), and a reduced lability of MAP (—35 + 8 
and —38 + 7%, respectively) but no changes in resting 
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TABLE! Cardiovascular Parameters of Spontaneously Hypertensive Rats Receiving Continuous 
Subcutaneous Infusions of Saline, Clonidine or Rilmenidine on Days 7 and 10 of Infusion 


Cardiovascular Parameters 


Day of Treatment MAP LI HR 
Infusion Group (mm Hg) (mm Hg) (beats/min) 
7 Saline 170+3 5.6+0.4 314 t9 
Clonidine 142 € 3 (—1695)* 4.2 t 0.2 (—259?6)* 306 + 8 (—396) 
Rilmenidine 146 + 4(-—14%)* 4.1 X 0.3 (—2796)* 294 + 11 (-6%) 
10 Saline 172+2 5.4+0.2 316 + 10 

Clonidine 140 + 3(—18%)* 4.1 + 0.1(—2496)* 305 + 10 (—396) 
Rilmenidine 145 + 4 (—16?6)* 4.3 + 0.2 (-2096)* 286 + 7 (—9%) 


* p <0.0125 compared with saline. 

Values are expressed as the mean + standard error of the mean (n = 5 rats per group). 
The values in parentheses represent percentage difference from saline. 

HR = heart rate; LI = lability of mean arterial pressure; MAP = mean arterial pressure. 


TABLE Il Serum Concentrations of Electrolytes, Urea and Creatinine of Spontaneously 
Hypertensive Rats During Day 7 of the Infusion of Saline, Clonidine or Rilmenidine and 20 Hours (at 
2000 Hours) After Cessation of These Infusions 


Infusion After Infusion 
Biochemical Saline Clonidine Rilmenidine Saline Clonidine Rilmenidine 
Sodium (mmol/liter) 142+ 1 139 +2 142 t 1 141 €t 1 141 412 140 Ł 1 
Potassium (mmol/liter) 4.7 + 0.3 4.5 + 0.2 4.6 X 0.2 4.9 + 0.2 4.8 + 0.2 5.11: 0.2 
Chloride (mmol/liter) 98 +2 99 + 1 100 + 1 100 + 1 102 12 103 12 
Urea (mmol/liter) 4.7 0.4 5.1 0.3 4940.3 4.9 0.2 4.8 t 0.2 5.0 + 0.2 
Creatinine (umol/liter) 38+ 2 41+1 41+2 40+3 45+3 45+3 


Values are expressed as mean + standard error of the mean (n = 5 rats per group). 
No differences were observed (p >0.0125) when infusion or postinfusion values were compared with saline 
controls. 
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FIGURE 1. Examples of the changes in arterial blood 
pressure (ABP) and heart rate (HR) occurring during 
episodes of facial grooming in spontaneously hyper- 
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TABLE Ill Cardiovascular Parameters of Spontaneously Hypertensive Rats Immediately Before 
and at Various Times After Cessation of 10-Day Continuous Infusion of Saline, Clonidine or 
Rilmenidine * 
Time (hours) Before or After Cessation of Infusion 
2300 0600-0800 1000-2000 
Parameter Group (—1) (+6-+8) (+10-+20) 
MAP Saline 184+ 2 178+3 179 +2 
(mm Hg) Clonidine 142 + 3 (—1896)! 162 + 3 (—996)! 174 € 3 (—-396) 
Rilmenidine 149+ 4 (—149?6)! 163 + 4 (—896)! 170+ 4(-5%) 
LI Saline 6.9 + 0.4 6.8 + 0.3 5.6 + 0.3 
(mm Hg) Clonidine 4.5 + 0.4 (—3596)! 8.7 + 0.6 (- 2896)! 8.8 + 0.5 (+57 96)! 
Rilmenidine 4.3 + 0.3 (3896)! 8.5 + 0.4 (2596)! 9.0 + 0.6 (+61%)!' 
HR Saline 327 +9 320 + 10 323 + 11 
(beats/min) Clonidine 299 + 11(—9976) 380 + 12 (7-2096)! 430 + 13 (3396) 
Rilmenidine 308 + 11 (—6%) 388 + 10 (+21)! 398 + 14 (2396) 





* The minipumps containing these compounds were removed at 2400 hours. 


t p «0.01 compared with saline. 


Values are expressed as mean + standard error of the mean (n = 5 rats per group). 


Abbreviations as in Table |. 


TABLE IV  Abstinence-Like Behavior of Spontaneously 
Hypertensive Rats Between 2 and 20 hours (0200-2000) After 
Cessation of the Infusions of Saline, Clonidine or Rilmenidine 





Postinfusion Groups 


Behavior Saline Clonidine Rilmenidine 
Head shakes 14 12 148 + 10° 132 X 12° 
Body shakes 4+2 107 + 8* 169 + 13° t 
Grooming episodes 46+ 5 73 + 6" 116 € 7*'! 
Jumps 5:2 T2 4 t 1 
Writhing 0 23:1 3+2 


* p <0.017 compared to saline; ! p <0.017 rilmenidine compared with 
clonidine. 
Values are expressed as mean + standard error of the mean (n = 5 rats per 


group). 


heart rate (Table III). On cessation of the clonidine and 
rilmenidine infusions, resting MAPs increased gradu- 
ally to control levels. MAPs of the postclonidine infu- 
sion group were equivalent to controls by 10 to 12 
hours, whereas the return to control levels after cessa- 
tion of the rilmenidine infusion took 6 to 8 hours. 
MAPs of the 2 postinfusion groups showed no further 
changes over the remainder of the experimental peri- 
od. The labilities of MAP had returned to control level 
within 2 to 4 hours of discontinuation of the clonidine 
and rilmenidine infusions. Significant increases in the 
labilities of MAP were observed in the postélonidine 
and postrilmenidine groups after 6 to 8 hours. These 
increases were sustained for the remainder of the im- 
mediate experimental period and were still evident on 
the next day. Tachycardia was observed within 6 to 8 
hours of discontinuation of the clonidine and rilmeni- 
dine infusions. These increases in heart rate were also 
sustained for the remainder of the immediate experi- 
mental period (Table III) and also on the following day 
' A (results not shown). The tachycardia and increased 
-  Jability of MAP were quantitatively similar in the post- 


Four to 5 hours after cessation of the clonidine and 
rilmenidine infusions, the cardiovascular reactivity 
during normal behavior such as grooming and eating 
was markedly enhanced (Fig. 1). This enhancement 
was most marked between 12 and 18 hours and was 
still evident by the next day. From about 4 hours, the 
postclonidine and postrilmenidine rats began to dis- 
play behaviors typical of the opiate abstinence syn- 
drome. The behaviors included head and body shakes, 
excessive grooming (Table IV) and paw tremor, teeth 
chattering, diarrhea and piloerection. Some behaviors 
(i.e., body shakes and excessive grooming) were more 
marked in the postrilmenidine infusion rats. These be- 
havior signs peaked between 8 and 12 hours and had 
generally subsided by 18 to 20 hours. 

Rapid eye movement sleep: In saline-infused nor- 
motensive rats, the total time spent in REM sleep over 
24 hours was approximately 94 minutes, whereas rats 
chronically infused with clonidine (5 ug/kg/hour) only 
spent approximately 48 minutes (—80%) in REM sleep 
over 24 hours, whereas rats infused with an equihypo- 
tensive concentration of rilmenidine (100 ug/kg/hour) 
spent no time in REM sleep. 

After cessation of the infusion of clonidine, these 
rats spent 154 minutes in REM sleep (4-644) in the 
period 2 to 20 hours after infusion, whereas rats treated 
with rilmenidine only spent 97 minutes in REM sleep 
(compared with 93 minutes for saline-infused rats). 
Thus, rilmenidine differs from clonidine in that there 
is no significant REM-sleep rebound after cessation of 
a chronic infusion. 


Discussion 


The present study demonstrates that in the SHR, 
the continuous infusions of the centrally acting a-adre- 
noceptor agonists, clonidine (5 ug/kg/hour) and ril- 
menidine (100 4g/kg/hour) produce quantitatively 
similar reductions in MAP and lability of resting MAP 
and in cardiovascular reactivity during normal activity 
such as eating and grooming, and both abolish REM 


_ clonidine and postrilmenidine infusion groups at each 
— time of observation. No changes in serum electrolytes, 
Y. | urea or creatinine were observed (Table IT). 
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sleep.” However, at these infusion rates, neither drug 
affected resting heart rate, or serum concentrations of 
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electrolytes, urea or creatinine. Based on these results, 
it appears that clonidine is approximately 20 times 
more potent than rilmenidine in its cardiovascular ef- 
fects. This is consistent with clinical data showing that 
rilmenidine is approximately 10 times less effective 
than clonidine in lowering MAP in normotensive sub- 
jects.!° The reduced lability of blood pressure and car- 
diovascular responsiveness during normal activity in- 
dicate that both drugs decrease the tonic sympathetic 
outflow to peripheral resistance vessels, probably by 
way of a adrenoceptor-mediated actions within the 
brain. The findings that the hypotensive effects of 
clonidine and rilmenidine were similar on days 7 and 
10 of infusion suggest that tolerance does not develop 
during continuous administration. Although it appears 
that tolerance to the cardiovascular depressant effects 
of clonidine?? does not develop, a progressive diminu- 
tion of the analgesic? and sedative? effects, and the 
disruptive effects of this drug on operant behavior 
maintained by a fixed ratio of schedule of reinforce- 
ment,** occur during chronic treatment. Consequently, 
the neurochemical mechanisms that mediate the car- 
diovascular effects of clonidine and rilmenidine are 
likely to differ from those that mediate the pharmaco- 
logic actions susceptible to tolerance. 

Thoolen et al? reported that MAP and heart rate of 
SHRs are reduced during continuous infusions of 
clonidine (21 ug/kg/hour]/ and the more selective az- 
adrenoceptor agonist azepexole (BHT-933, 60 mg/kg/ 
hour).'? In the present study, neither the 5 ug/kg/hour 
infusion rate of clonidine nor the 100 ug/kg/hour infu- 
sion of rilmenidine affected resting heart rate. These 
results with the smaller infusion rate of clonidine sug- 
gest that the physiologic systems controlling arterial 
blood pressure in the SHR are more sensitive to cloni- 
dine and rilmenidine than are those controlling heart 
rate. 

On cessation of ibid with clonidine and rilmen- 
idine, the resting MAP returned to control levels and a 
tonic hypertension was not observed. Although there 
is no pharmacokinetic data available for SHRs, the 
observation that MAPs of the postclonidine and post- 
rilmenidine infusion groups returned to control levels 
at similar times (i.e., between 6 and 8 hours after infu- 
sion) suggests that rilmenidine may have a similar bio- 
logic half-life to that of clonidine, which is approxi- 
mately 1 hour in the rat.” After withdrawal of the 
clonidine and rilmenidine infusions, the SHR dis- 
played increases in (1) the variability (lability) of rest- 
ing arterial blood pressure, (2) heart rate, (3) cardiovas- 
cular responses during normal behaviors such as 
eating and grooming, and (4) behavioral phenomena 
including head and body shakes, excessive grooming 
and teeth-chattering, which are reminiscent of opiate 
abstinence.” These results support earlier findings 
suggesting that there is an increase in peripheral 
sympathoadrenal nervous activity during the postclon- 
idine infusion phase in normotensive and SHR 
strains."? In addition, it is apparent that an increase in 
sympathoadrenal nervous activity may underlie the 
cardiovascular disturbances after withdrawal of ril- 
. menidine infusion. Several of these phenomena, e.g., 

| thee excessive sits and yeay spaka were greater- 
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(at the infusion rates used in this study) in the postril- - 
menidine infusion rats. These withdrawal phenomena — 
are similar to those previously reported to occur after - 
discontinuation of continuous infusion with cloni- . 
dine? and the more selective oa;-adrenoceptor agoni 
azepexole.!? | 

Consequently, the present results support the sug- | 
gestion by Thoolen et al? that most of the cardiovascu- : 
lar withdrawal phenomena arise from central or pe- - 
ripheral disturbances, or both, which result from - 
chronic a;-adrenoceptor stimulation during infusion. - 
In contrast, discontinuation of therapy was associated © 
with exaggerated effects on REM sleep with clonidine © 
but not with rilmenidine; however, with the latter 
drug, REM sleep returned to normal after cessation of 
therapy, whereas with clonidine exaggerated REM -. 
sleep developed within 2 hours of cessation of therapy - 
and persisted for up to 24 hours. These data suggest - 
therefore that REM-sleep rebound is not the only fac- 
tor contributing to the exaggerated cardiovascular re- - 
sponses. Moreover, the absence of REM rebound with 
rilmenidine highlights the differences between the 2 
drugs, which include the inability of rilmenidine to. 
potentiate barbiturate sleeping time and its ability to - 
block clonidine-induced potentiation of barbiturate 
sleeping time in mice.?? 
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Effects of Rilmenidine on Bronchomotor 
Responses in the Guinea Pig 


ISABELLE MACQUIN-MAVIER, MD, CHRISTINE CLERICI, 


MD, 


and ALAIN HARF, MD 


This study compares the effects of 2 a-adrenergic 
agonists, rilmenidine (S 3341) and clonidine, on 
histamine-induced bronchoconstriction (HIB) in 

. guinea pigs. Clonidine has previously been shown to 
potentiate HIB in guinea pigs. 

The study was conducted in anesthetized, para- 
lyzed and ventilated guinea pigs. Six groups of at 
least 6 guinea pigs were pretreated with saline, ril- 
menidine (0.1, 0.3 and 1 mg/kg intravenously) or 
clonidine (0.01 and 0.03 mg/kg intravenously), re- 
spectively. Conductance, dynamic compliance and 


TL. sympathetic nervous system appears to play an 
important role in modulating the bronchial response 
to bronchoconstrictor stimuli in guinea pigs. It has 
been demonstrated that either adrenalectomy or 6 
blockade prolongs histamine-induced brochoconstric- 
tion in guinea pigs.!? More recently, Advenier et al? 
showed that the az agonist, clonidine, markedly poten- 
tiated histamine, acetylcholine and serotonin as bron- 
choconstrictors. This enhancement was ascribed to a 
reduction in sympathetic activity. 

In this report, we compared the bronchopulmonary 
effects of a new o; agonist, rilmenidine, with those of 
clonidine in guinea pigs. 


Methods 


Animals and measurement techniques: Forty-six 
male Hartley strain guinea pigs weighing 300 + 20 g 
were used (Charles River, France). Guinea pigs were 
anesthetized with pentobarbitone sodium (30 mg/kg 
intraperitoneally) and underwent tracheotomy. A jug- 
ular vein was cannulated for drug administration. The 
guinea pigs were paralyzed with pancuronium bro- 
mide (4 mg/kg) and mechanically ventilated (8 ml/kg, 
60 breaths/min). Heart rate was monitored by continu- 
ous electrocardiographic recording (ECG Biotach 
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static compliance of the respiratory system were 
measured before and during histamine infusion (80 
ng/kg/s) and expressed as percent variation. 

Clonidine potentiated HIB as previously reported. 
In contrast, rilmenidine potentiated HIB only at the 
dose of 1 mg/kg. As it is well known that HIB is in- 
fluenced by adrenergic outflow, these results sug- 
gest that rilmenidine has less inhibitory effect than 
clonidine on adrenal secretion. 


(Am J Cardiol 1988;61:45D-46D) 


Gould). Body temperature was maintained constant at 
389 C. 

The guinea pigs were placed in a whole-body ple- 
thysmograph; box pressure was measured with a 
Schlumberger CH5112 + 50 cmH;O transducer. The 
volume, flow and pressure signals were used to com- 
pute the conductance and the dynamic compliance of 
the respiratory system as previously described.’ 

Quasi static pressure-volume curves were obtained 
by inflating and then deflating the lungs with a con- 
stant flow pump (Watson Marlow). Lungs were inflat- 
ed from their volume of relaxation up to a tracheal 
pressure of 30 cmH5O and then immediately deflated. 
Because a constant flow was used, the volume in- 
creased during inflation and decreased during defla- 
tion proportionally to the duration of the cycle. Vol- 
ume and tracheal pressure were recorded on an XY 
recorder (Ifelec 3802). Distensibility was assessed by 
analyzing the deflation limb of the curve and static 
compliance was computed as the slope of the linear 
part above the volume of relaxation. 

Protocol: Basal measurements of conductance, dy- 
namic compliance and static compliance were made 
20 minutes after the guinea pigs were placed in the 
body plethysmograph. The o; agonists were infused 
intravenously (i.v.) over 5 minutes and control mea- 
surements repeated after 15 and 30 minutes. Broncho- 
constriction was then induced by histamine, adminis- 
tered i.v. for 5 minutes at a dose of 80 ng/kg/s 
histamine base. Respiratory parameters were mea- 
sured during the fifth minute of histamine infusion. 
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TABLE! Influence of Rilmenidine and Clonidine on Histamine- 
Induced Bronchoconstriction 


Treatment G Cdyn Cstat 
Control =299 4 29 À—19.8 4 1.3 —9.9 + 0.9 
|. (n 7 10) 
Rilmenidine (0.1 mg/kg) —22.0- 43 —18.5 + 2.8 —8.7 X 1.8 
(n7 7) 
Rilmenidine (0.3 mg/kg) —30.6 4.1  —16.643 2.1 —9.5 t 2.0 
(n = 7) 
Rilmenidine (1 mg/kg) —39.7428 —27.0 + 1.6" —14.2 * 2.6 
(n7 6) 
Clonidine (0.01 mg/kg) —51.7 +5.0* —41.24 3.9! —25.1 + 4.6! 
(n = 9) 
Clonidine (0.03 mg/kg) —41.8 + 4.3! —31.6 + 17!  —20.8 + 2.8! 
(n = 7) 


* p <0.05; ! p «0.01 compared with values in control group. 

Values are means + standard error of the mean. 

Cdyn = dynamic compliance; Cstat = static compliance; G = conductance, 
expressed as percent changes vs control values. 


Six groups of guinea pigs were studied. They were 
treated i.v. with saline or rilmenidine at 3 doses (0.1, 0.3 
and 1 mg/kg) or clonidine at 2 doses (0.01 and 0.03 mg/ 


Drugs: The following drugs were used: histamine 
dihydrochloride (Sigma), pentobarbitone sodium 
(Clin Midy), pancuronium bromide (Organon), rilmen- 
idine phosphate (Servier) and clonidine hydrochloride 
(Boehringer). 

Drugs were dissolved in 0.9% weight/volume sa- 
line. All doses are expressed as the base. 

Statistics: Results are expressed as mean + stan- 
dard error of the mean. Student t test for paired data 
and 1-way analysis of variance were used to analyze 
data within groups and between groups, respectively. 


Results 

Neither clonidine nor rilmenidine had any sig- 
nificant effect on conductance, dynamic compliance 
or static compliance compared with their baseline 
values. | 

With regard to the effects of clonidine and rilmeni- 
dine on histamine-induced bronchoconstriction, Ta- 
ble I shows that clonidine at the 2 doses studied mark- 
edly potentiated histamine, and rilmenidine (0.1 and 
0.3 mg/kg) did not enhance histamine-induced bron- 
choconstriction. However, like clonidine, rilmenidine 
(1 mg/kg) potentiated histamine as a bronchoconstric- 
tor on the airways. 


Discussion 


Our study indicates (1) a potentiation of histamine- 


- induced bronchoconstriction in guinea pigs by 0.01 
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and 0.03 mg/kg clonidine, and (2) a potentiation by 
rilmenidine but only at a dose of 1 mg/kg. 

Our results are in agreement with a previous study 
of Advenier et al.* They demonstrated in the unanes- 
thetized guinea pig a potentiation by clonidine of the 
bronchoconstrictor effects of histamine, acetylcholine 
and serotonin. Because this bronchopulmonary effect 
of clonidine was blocked by yohimbine and piperoxan 
but not by 0.03 mg/kg prazosin, it was attributed to 
stimulation of a2 adrenoceptors, with subsequent re- 
duction in sympathetic activity. However, the precise 
location of the o; adrenoceptors stimulated by cloni- 
dine remained unknown. 

The sympathetic nervous system appears to play an 
important role in the regulation of bronchial tone 
mainly through circulating epinephrine.® It is well 
known that the bronchoconstriction induced by hista- 
mine is influenced by adrenergic outflow.*?7 Hista- 
mine, when administered i.v., is capable of inducing 
secretion of epinephrine,’ therefore modulating its 
own bronchoconstrictor effects. In guinea pigs, this 
action of histamine on catecholamine release is com- 
pletely abolished by ganglionic blockade with hexa- 
methonium (unpublished observations from our labo- 
ratory), demonstrating that it is mediated indirectly by 
a central reflex mechanism. Therefore, the most likely 
explanation for the potentiation of histamine-induced 
bronchoconstriction by clonidine and rilmenidine is a 
reduction of a centrally mediated increase in epineph- 
rine release in response to histamine infusion, by stim- 
ulation of central œ adrenoceptors. In contrast to clon- 
idine, rilmenidine did not potentiate histamine as a 
bronchoconstrictor after the administration of doses 
up to 1 mg/kg. Although the present data do not allow 
an explanation for this difference between the 2 drugs, 
it can be suggested that rilmenidine has less inhibitory 
effect than clonidine on epinephrine release. 
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Pharmacokinetics of Rilmenidine in Healthy Subjects 


PATRICK GENISSEL, PhD, 


JEAN BERNARD FOURTILLAN, 
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Rilmenidine is a novel a2-adrenoceptor agonist, 
used in the treatment of mild or moderate hyperten- 
sion at the oral dose of 1 mg once or twice daily. 
The pharmacokinetic parameters were investigated 
after single or repeated administration in healthy 
subjects, using labeled and unlabeled compounds. 
Rilmenidine was rapidly and extensively absorbed, 
with an absolute bioavailability factor close to 1 and 
a maximal plasma concentration achieved within 2 
hours. Rilmenidine was not subject to presystemic 
metabolism. Distribution was independent of the 
free fraction because rilmenidine was weakly bound 
to plasma proteins (« 1096). The volume of distri- 
bution was approximately 5 l*kg ' (315 liters). 


NORBERT BROMET, PhD, 
PhD, ALAIN MIGNOT, PhD, 
ALBIN, MD 


Elimination was rapid with a total body plasma 
clearance of approximately 450 ml*min and an 
elimination half-life of approximately 8 hours. Renal 
excretion was the major elimination process (two- 
thirds of the total clearance). Metabolism was very 
poor, with a renal elimination of rilmenidine as the 
parent drug (urinary fraction of rilmenidine was 
about 6596 and no metabolite plasma levels were 
detected). Linear pharmacokinetics were demon- 
strated for rilmenidine from 0.5 to 2 mg but, at 3 
mg, a slight deviation from linearity was observed. 
In repeated administration, the linear disposition of 
rilmenidine with dose was confirmed. 


(Am J Cardiol 1988;61:47D-53D) 





(RS or 2-(dicyclopropylmethyl) amino-2-ox- 
azoline is a novel a2-adrenoceptor agonist! effective in 
the treatment of mild and moderate hypertension at 
the oral dose of 1 mg once or twice daily.^? Various 
pharmacologic studies*? have revealed a dissociation 
between the potent hemodynamic properties of ril- 
menidine, and the adverse effects usually attributed to 
this therapeutic class. 

Rilmenidine (Fig. 1) is a weak base of molecular 
weight of 180.25 with a pKa of approximately 9; at a 
physiologic pH of 7.4, only 1% exists as the unionized 
form. However it is mildly lipid soluble, with a true 
partition coefficient between octanol and water of 
about 20. Rilmenidine in clinical administration is 
used as the phosphate salt that is freely soluble in 
water. Radioactive material was available for human 
and animal studies, by labeling rilmenidine with car- 
bon 14 on position 2 of the oxazoline ring. 

The human pharmacokinetics of rilmenidine were 
studied in 65 healthy subjects, but the various studies 
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in fact included 173 pharmacokinetic profiles because 
many of them were performed using a crossover de- 
sign. The purpose of this report is to present the main 
pharmacokinetic results found after single and repeat- 
ed administrations in healthy subjects. 


Methods 


For all studies, drug dosage administered was 1 mg 


of rilmenidine expressed as base form (1.54 mg rilmen- 


idine phosphate), except for the radiolabeled studies 
(14C-rilmenidine) in which the dosage is indicated lat- 
er. All subjects underwent full clinical examination 
including blood pressure, electrocardiography, medi- 


cal history, blood chemistry and hematology. Each 


subject gave written informed consent and institution- 
al review board approval was obtained. 
14C-rilmenidine pharmacokinetics (total radioac- 
tivity): Study I: To study the absorption, bioavailability 
and elimination of 14C-rilmenidine, 4 healthy subjects 
were given (in crossover design) 14C-rilmenidine in- 
travenously (i.v.) (29 uCi, which represent 1.1 mg) and 
orally (26 uCi, which represent 0.9 mg of rilmenidine). 
Blood samples were obtained immediately before dos- 
ing and at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, 24, 36, 48 and 72 
hours after administration. Total voided urine was col- 


lected over 0 to 0.5, 0.5 to 1, 1 to 2, 2 to 3, 3 to 4, 4 to 6, © 
6 to 8, 8 to 12, 12 to 24, 24 to 48 and 48 to 72 hours and 
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. FIGURE 1. Rilmenidine formula. 


t 
daily until the radioactivity levels decreased to twice 
. background. In the same manner, total feces were col- 
lected daily until the radioactivity decreased to twice 
_ background. 

Study II: To study the metabolism and elimination 

. routes of rilmenidine, 4 other healthy subjects were 

- given oral 14C-rilmenidine (39 «Ci, which represent 

. 0.8 mg). Blood samples were obtained immediately 

_ before dosing and at 2, 6 and 10 hours. Total voided 

. urine was collected over 0 to 1, 1 to 2, 2 to 3, 3 to 4, 4 to 6, 

-. 6to 8, 8to 12, 12 to 24, 24 to 32, 32 to 48, 48 to 72, 72 to 96, 

.. 96 to 120, 120 to 144 and 144 to 168 hours. Total feces 

. were collected daily until 160 hours. Metabolism path- 

- way was studied from blood (2, 6 and 10 hours) and 

| urinary samples (0 to 48 hours) by using a combination 

of various analytic methods: thin layer chromatogra- 

- phy, liquid chromatography linked with ultraviolet or 

radioactive detection and further gas chromatography 

with mass spectrometry for structural analysis. 
For each study, clinical acceptability was evaluated 

— by gathering adverse effects reported by the subject. 

- Each plasma, urine and fecal sample was analyzed for 

total radioactivity using liquid scintillation counting 

. after appropriate sample preparation. 

» Absolute bioavailability study: Study of the phar- 
macokinetics and absolute bioavailability of rilmeni- 
dine was undertaken in 12 subjects (6 men and 6 wom- 

en). Rilmenidine was administered using a crossover 
design at the single i.v. dose of 1 mg (0.01% aqueous 

. solution) and oral (tablet) routes, the order of adminis- 

. tration being defined at random and separated by an 

. interval of 2 weeks. Blood samples were obtained be- 
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fore, then 5, 10, 20, 30 and 45 minutes, 1, 2, 3, 4, 6, 8, 10, 
12, 16, 24, 36, 48 and 60 hours after i.v. administration; 
. and before, then 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 10, 12, 16, 24, 
| 36, 48 and 60 hours after oral administration. Urine 
E: collected before, then during the following peri- 
. ods: 0 to 6, 6 to 12, 12 to 24, 24 to 36, 36 to 48, 48 to 96 and 
- 96 to 144 hours after both administrations. To measure 
. the influence of gender on the pharmacokinetics of 
— rilmenidine, the parameters from men and women 
- were compared by Student t test for nonpaired series; 
for time to reach the maximal plasma concentration 
(tmax), a Mann-Whitney test was performed. 
Relative bioavailability studies: Tablet versus solu- 
tion: Relative bioavailability between tablet and oral 
solution was studied in 12 healthy men. Each subject 
received an oral dose of 1 mg as a tablet and a single 1 
mg dose as 0.2% oral aqueous solution. The washout 
period between each administration was at least 1 
week. Blood samples were obtained before dosing, 
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then 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 10, 16, 24 and 36 hours 
after dosing. 

Capsule versus tablet: Relative bioavailability be- 
tween capsule and tablet was studied in 16 healthy 
men. Rilmenidine was administered using a crossover 
design at the single oral dose of 1 mg (capsule or tablet). 
The order of administration was defined at random 
and separated by a minimum interval of 1 week. Blood 
samples were obtained before dosing, then 0.5, 1, 1.5, 
2, 2.5, 3, 3.5, 4, 5, 6, 8, 10, 12, 24 and 48 hours after 
dosing. Urine was collected before, then during the 
following periods: 0 to 24 and 24 to 48 hours after both 
administrations. 

Statistical analysis: The comparisons between the 
pharmacokinetic parameters obtained after tablet vs 
solution and capsule vs tablet administrations were 
performed by analysis of variance; for tmax, a Wilcoxon 
test was performed. Bioequivalence between 2 formu- 
lations was tested by total areas under the curve (AUC) 
and maximal plasma concentrations (Cmax) by the sym- 
metrical confidence interval according to Westlake 
and Spriet and Beiler.” A less than 25% difference 
between both formulations (p €0.05) implies bioequiv- 
alence between the 2 forms. 

Influence of food intake: Influence of food intake 
on rilmenidine pharmacokinetics was studied in 12 
healthy subjects. Rilmenidine was administered using 
a crossover design with the single oral (tablet) dose of 1 
mg fasting or 30 minutes after food intake (standard- 
ized meal)? the order of administration being defined 
at random and separated by an interval of 1 week. 
Blood samples were obtained before dosing then 0.25, 
0.5, 0.75, 1, 1.5, 2, 2.5, 3, 4, 6, 10, 16, 24 and 36 hours after 
dosing. Urine was collected before, then during the 
following periods: 0 to 12, 12 to 24 and 24 to 48 hours 
after both administrations. Statistical analysis of phar- 
macokinetic parameters obtained after rilmenidine 
administration with or without food was performed by 
crossover analysis of variance; for tmax, a Wilcoxon test 
was performed. 

Linearity study: Linearity of the pharmacokinetics 
of rilmenidine was studied after dose ranging adminis- 
tration in 8 healthy men. Rilmenidine was adminis- 
tered orally (capsule) in a double-blind random order 
at doses of 0.5, 1, 2 or 3 mg. The washout period be- 
tween each dose was 1 week. Blood samples were 
obtained before dosing, then 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 5, 
6, 8, 10, 12, 24 and 48 hours after dosing. A dose-effect 
relation was sought between Cmax and AUC. This rela- 
tion was tested by a linear regression analysis; the dose 
effect was first verified if the significance level was 
reached (p $0.05) and the difference from linearity 
was tested. Second, if the difference from linearity 
was nonsignificant, a probability associated with the 
regression <0.05 led to the conclusion of a significant 
dose-effect relation. Finally, in order to conclude the 
linearity of the pharmacokinetics (AUC = Kdose), the 
slope of the line of regression was tested with respect 
to unity and the intercept of the line was tested with 
respect to zero. The t4; was compared with a Fried- 
man test. 

Steady-state study: The pharmacokinetics of ril- 
menidine were studied at steady state in 12 healthy 
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men. The subjects first received rilmenidine as a sin- 
gle oral dose (one 1-mg tablet), then 72 hours after this 
first administration as repeated doses of 1 tablet every 
12 hours for 10 days (2 mg/day). Blood samples were 
obtained first before dosing, then 0.5, 1, 1.5, 2, 2.5, 3, 4, 
6, 8, 10, 12, 16, 24 and 36 hours after the first (single) 
administration. Second, samples were drawn before 
and at 2, 12, 24, 26, 36, 38, 48, 60, 96, 144, 156, 204, 206, 
216, 218, 228 and 240 hours after the first dose of re- 
peated administration. Samples were also obtained at 
0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 10, 12, 16, 24, 36 and 48 hours 
after the final (twenty-first) dose. Urine was collected 
before dosing, then during the following periods: 0 to 
12, 12 to 24, 24 to 48 and 48 to 72 hours after the single 
administration and 240 to 252 hours after the first dose 
of repeated administration. 

Pharmacokinetic parameters were calculated after 
single administration and at steady state after the 
twenty-first administration. Comparison of parame- 
ters obtained after single and repeated administration 
(parameters calculated in the interval 240 to 252 hours) 
were performed by analysis of variance. 

Analytic methods: Because of the low dosage ad- 
ministered (1 mg per dose) and taking into account the 
first results after radiolabeled studies, it was necessary 
to use a sensitive and specific analytic technique. For 
these reasons, a quantitative analysis of rilmenidine by 
combined gas chromatography— negative ion chemi- 
cal ionization—mass spectrometry was used. The as- 
say of rilmenidine was performed either as a bistri- 
fluomethyl benzoyl derivative? !? or as a trifluoroacetyl 
derivative.!! Outlines of the latter assay are as follows: 
alkalinized samples were extracted by a mixture of 
diethyl ether/hexane (40/60) followed by a back ex- 
traction in HCl 0.5 N. A second extraction was per- 
formed after alkalinization of the acidic phase by the 
same diethyl ether/hexane mixture. The organic layer 
was then evaporated to dryness under nitrogen. The 
dry residue was then derivatized by trifluoroacetic 
acid in ethyl acetate (80° C/90 min) before injection 
onto the gas chromatography column. Negative ions 
from trifluoroacetic derivatives of rilmenidine (m/z 
276) and the deuterated rilmenidine internal standard 
(m/z280) are monitored simultaneously by selected ion 
monitoring. The calibration curves were linear from 
the limit of detection (0.2 ng-ml^!) to 5 ng-ml^!. The 
assay precision (coefficient of variation) was 9.6% at 
the limit of detection and 2.9% at 5 ng-ml^!, whereas 
the accuracy (percent of error) was 6.5 and 2.3%, 
respectively. 

Calculation of pharmacokinetic parameters: All 
results are expressed as mean + standard error of the 
mean. 

From plasma data: Cmax and tmax were obtained 
from experimental concentrations. The following 
pharmacokinetic parameters were calculated!?!*: tiag 
time of absorption; AUC—area under the curve of 
plasma concentration vs time, extrapolated to infinity 
assessed by AUC = AUC, + C/Az, where AUC, is 
calculated in the time interval 0 to t using the trapezoi- 
dal method (experimental concentrations), C, the last 
concentration at or above the detection limit of the 
assay and Az the rate-constant relative to the terminal 


elimination phase; the slope of this phase was estimat- 
ed by regression analysis of the terminal phase of the 
plasma concentration curve vs time (log/decimal); F, 
Fr—absolute (F) or relative (Fr) bioavailability factors 
calculated from AUC; V—volume of distribution cal- 
culated using V = D/AUC.Az, where D is the dose 
administered; V,,—volume of distribution at steady 
state using Vss = MRT.CL after i.v. administration or 
V4/F = CL (MRT - 1/ka) after oral administration, 
where MRT is the mean residence time, CL the total 
plasma clearance and ka the rate constant relative to 
the absorption phase; tV5Zz—terminal half-life, esti- 
mated by tv;z = Ln2/Az; and CL—total plasma clear- 
ance calculated using CL = D/AUC. After oral admin- 
istration, volume of distribution as well as plasma 
clearance were calculated assuming F = 1. Accumula- 
tion ratio after repeated administration: R4 is theoreti- 
cal accumulation ratio calculated after single adminis- 
tration using, R1 = AUC/AUGQC;;; Rz is the observed 
accumulation ratio calculated from R2 = AUC;z4$757/ 
AUC}, (single administration). 

From urinary data: The following parameters were 
calculated from urinary data: Ae,—the cumulative 
amount of unchanged compound, excreted from 0 to t; 
fe—fraction of the dose administered excreted in the 
urine in unchanged form, calculated using fe = A,/ 
F.D; and F, Fr—the absolute (F) or relative (Fr) bio- 
availability factors calculated using Ae. 


Results 


14C-rilmenidine pharmacokinetics (total radioac- 
tivity): The results were expressed as total radioactivi- 
ty, which was assumed to represent the parent drug 
(rilmenidine) or metabolites, or both. 

Study I: Renal elimination was the main process, 
because after 7 days of recovery, 88.08 + 5.09% and 
86.65 + 3.46% of the total radioactivity were excreted 
in urine after oral or i.v. administration, respectively. 
Fecal elimination was weak; no more than 1% was 
excreted after 7 days. 14C-rilmenidine appeared to be 
rapidly (tmax = 1.25 + 0.15 hours) and completely ab- 
sorbed (absolute bioavailability from urinary data: 102 
+ 7%). Total radioactivity distribution was character- 
ized by a volume of distribution of 7.3 + 1.2 l-kg^!. 
Elimination was characterized by biexponential decay 
curves. Due to the weak plasma concentrations, the 2 
elimination half-lives (distribution and elimination) 
were calculated from total radioactivity in urine: 6.50 
+ 1.05 hours and 28.18 + 4.31 hours, respectively. 

Study II: After 7 days of recovery, 93.04 + 2.94% of 
the total radioactivity was excreted in urine after oral 
administration, 84.58 + 2.22% of which was found 24 
hours after dosing. Fecal elimination was weak: 0.99 + 
0.07% was excreted after 7 days. Metabolism results 
showed that unchanged 14C-rilmenidine was the 
main product identified in all the urine samples. Other 
minor products were found, which represented no 
more than 5% of the total radioactivity. Among them, 
N-dicyclopropylmethylurea (8 11459), N-(hydroxyeth- 
yl)-N'-dicyclopropylurea (S 11460) and 2-(dicyclopro- 
pylmethyl) amino-2-oxazoline-4-one (S 11316) were 
identified and 2 other products remained unknown. In 
the blood, rilmenidine was the only product identified, 
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TABLE! Pharmacokinetic Parameters of Rilmenidine in Healthy 
Subjects (n = 12) After Intravenous and Oral Administration of 
1 mg 


Intravenous Route Oral Route 
tiag (hours) — 0.25 + 0.07 
Cmax (ngemi T’) — 3.49 + 1.79 
tmax (hours) — 1.79 + 0.21 
F (96) — 100.1 4 5.3 
AUC (ng-hours-m!~') 38.61 t 3.31 38.33 + 3.55 
V (liters) 314.44 + 18.31 324.68 + 20.67 
t'h, z (hours) 8.31 + 0.77 8.51 + 0.86 
MRT (hours) 11.77 = 1.11 12.28 + 0.99 
CL (ml-min* !) 463.58 + 35.05 475.17 + 41.32 
CLp (ml-min !) 296.81 + 33.56 330.13 + 27.42 
fe (95) 63.74 + 5.14 71.18 + 4.49 


Values are expressed as mean + standard error of the mean. 

AUC = area under the plasma concentration curve; CL = total plasma 
clearance; CLp = renal clearance; Cmax = maximal plasma concentration; F = 
bioavailability factor; fe = fraction of the unchanged drug excreted in urine; 
MRT = mean residence time; tiag = lag time of absorption; tmax = time to reach 
the maximal plasma concentration; t'h, z = terminal half-life; V = volume of 
distribution. 

For oral route, total plasma clearance and volume of distribution were 
calculated assuming bioavailability factor = 1. 


and no trace of metabolite was detectable by any ana- 
lytical method used. 

Absolute bioavailability study: The study involv- 
ing single oral and i.v. administration of rilmenidine 
in healthy subjects was described to evaluate the ref- 
erence pharmacokinetic parameters of rilmenidine. 
The plasma concentration curves after oral and i.v. 
. administration are displayed in Figure 2. After i.v. ad- 

ministration or beyond the plasma peak (oral route), 
the plasma concentrations decreased according to a 
= mono- or biphasic profile. Table I summarizes the 
. main parameters of both routes. Plasma concentration 
. time profiles were quite similar whatever the adminis- 
tration route. 

Digestive absorption of rilmenidine (tablet) was 
rapid (t4; range—1.0 to 3.0 hours) with Cmax of ap- 
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FIGURE 2. Mean + standard error of the 
mean plasma concentrations of rilmeni- 
dine after single 1 mg dose via intrave- 
nous (IV) (0.0196 solution) and oral 
(tablet) routes in healthy subjects (n — 
12). 


hours 


proximately 3.5 ng-ml^! (range 2.7 to 4.3 ng-ml-!). Ril- 
menidine was not subject to presystemic metabolism 
and its absolute bioavailability was total (from plasma 
data—F = 100.1 + 5.3%; from urinary data—F = 116.8 
+ 9.5%). 

The reference pharmacokinetic parameters of dis- 
tribution and elimination were those calculated from 
plasmatic and urinary data after i.v. administration. 
Distribution was large, with a volume of distribution of 
about 315 liters, i.e. 5.13 l-kg^! (range 3.6 to 7.2 l-kg"!). 
Elimination was characterized by a total plasma body 
clearance of about 460 ml-min^! (range 281 to 679 
ml-min-?), an elimination half-life of 8 hours (range 4.7 
to 13.6 hours) and a mean residence time of 12 hours 
(range 7.3 to 17.8 hours). From urinary data, about 64% 
of the dose injected was found as unchanged com- 
pound; the renal clearance (CLg, range 149 to 466 
ml-min~'!) represented the two-thirds of the total body 
clearance, indicating renal excretion as the major 
elimination process. 

No difference between men and women was ob- 
served. Interindividual variability of the pharmacoki- 
netic parameters was moderate; for instance, the coef- 
ficient of variation (standard deviation divided by 
mean) of elimination half-life was 32.1% (i.v. route) 
and 35.0% (oral route). 

Relative bioavailability studies: T'ablet versus solu- 
tion: The time course of mean plasma levels of rilmen- 
idine obtained after tablet and solution administration 
is shown in Figure 3. Statistical comparison of pharma- 
cokinetic parameters failed to reveal any significant 
difference between the tablet and solution forms; the 
Wilcoxon test showed no significant difference be- 
tween tmax (1.46 + 0.14 hours and 1.83 + 0.24 hours 
after solution and tablet, respectively). The relative 
bioavailability factor of tablet in comparison with so- 
lution was 94.08 + 6.37%. Parameters characterizing 
bioavailability, Cmax and AUC, were compared by the 
Westlake test showing differences of 9.3 and 21.3%, 
respectively, in respect to the reference form (solu- 
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tion). These differences between the forms were less 
than 25% (for p <0.05); therefore both forms were 
bioequivalent. 

Capsule versus tablet: The time profile of mean 
plasma levels of rilmenidine obtained after capsule 
and tablet administration is shown in Figure 4. Statisti- 
cal comparison of pharmacokinetic parameters did not 
show any significant difference between the capsule 
and tablet forms; the Wilcoxon test showed no differ- 
ences between tmax (1.63 + 0.21 and 1.38 + 0.13 hours 
after tablet and solution, respectively). The relative 
bioavailability factor of capsule compared with tablet 
was 92.36 + 5.42% from plasma data and 101.26 + 
15.41% from urinary data. The Westlake test applied to 
Cmax AUC and Ag jag) showed respective differences 
of 10.5, 24.4 and 12.3%, in respect to the reference form 
(tablet). These differences between the forms were 
less than 25% (for p <0.05); therefore both forms were 
equivalent. 
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FIGURE 3. Mean + standard error of the 
mean plasma concentrations of rilmeni- 
dine after single 1 mg oral dose (oral 
0.0296 solution and tablet) in healthy 
subjects (n — 12). 
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Influence of food intake: The time course of mean 
plasma levels of rilmenidine obtained with and with- 
out food intake is shown in Figure 5. Absorption was 
slowed when the tablet was administered after a stan- 
dard meal. Cmax (approximately 2.8 ng-ml^! with and 
without food) was reached (tmax} 2.90 + 0.32 and 1.68 + 
0.31 hours after dosing, with and without food, respec- 
tively (p <0.01). The tiag time of absorption was dou- 
bled when the tablet was given after a standard meal. 
Disposition was not influenced by food (apparent vol- 
ume of distribution = approximately 350 liters); AUC 
was not statistically different. Elimination was charac- 
terized by a terminal half-life of approximately 8.0 
hours without food and 6.5 hours with food (difference 
not significant). Mean residence time of approximate- 
ly 11 hours and apparent plasma clearance of approxi- 
mately 480 ml-min^! were not influenced by food. 

Linearity study: The pharmacokinetic parameters 
obtained after 0.5, 1, 2 and 3 mg single administration 
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TABLE I| Pharmacokinetic Parameters of Rilmenidine in Healthy Subjects (n = 8) After Oral 
Single Administration of 0.5, 1, 2 and 3 mg 
0.5 mg 1 mg 2 mg 3 mg 

Cmax (ng*ml !) 1.40 + 0.18 3.25 + 0.26 5.41 + 0.33 10.79 + 0.94 
tmax (hours) 2.00 + 0.34 1.94 + 0.64 2.00 + 0.61 1.75 + 0.40 
V/F (liters) 443.35 + 57.35 332.98 + 32.49 408.63 + 49.95 262.95 + 19.14 
AUC (ng-hours-m!~ !) 14.28 + 3.58 29.95 + 1.79 59.64 + 6.28 130.00 + 9.23 
tih, z (hours) 7.74 + 1.06 6.99 + 0.86 8.15 + 0.98 7.69 + 0.43 
MRT (hours) 11.64 + 1.46 10.46 + 1.22 12.05 + 1.42 11.35 + 0.54 
CL/F (ml-min~*) 725.91 + 87.87 570.79 + 39.92 598.09 + 53.97 397.34 + 26.05 


Values are expressed as mean + standard error of the mean. 
CL/F = apparent plasma clearance; V/F = apparent volume of distribution; other abbreviations as in Table |. 


are summarized in Table II. The absorption of rilmeni- 
dine was rapid at all doses. The Cmax followed a signif- 
icant linear relation within the 0.5 to 2 mg range and 
tmax was independent of the dose. Distribution was 
independent of the dose in the 0.5 to 2 mg dose range 
and was decreased at 3 mg. AUC followed a signifi- 
cant linear relation within the 0.5 to 2 mg range. At 3 
mg, a slight deviation from linearity was observed. 
Elimination of rilmenidine was characterized by a ter- 
minal half-life of 7 to 8 hours and a mean residence 
time of 11 to 12 hours, both independent of the dose 
administered. Total apparent clearance was indepen- 
dent of the dose administered in the 0.5 to 2 mg range 
(600 to 700 ml-min^!) and reached 400 ml-min™! at 3 
mg. 
Steady-state study: A graphic simulation corre- 
sponding to the theoretical profile of plasma concen- 
trations during a repeated administration was drawn 
on the basis of concentrations obtained after single 
administration. Plasma concentrations actually found 
were juxtaposed with this simulation (Fig. 6). This sim- 
ulation gave theoretical maximal and minimal concen- 
trations at steady state. Statistical comparison of differ- 
ent plasma and urinary pharmacokinetic parameters 


obtained after single administration and at steady state 
revealed no significant difference. In accordance with 
terminal half-life of approximately 8 hours, plasma 
levels of rilmenidine reached steady state during the 
third day after repeated administration. Plasma con- 
centrations (after the last tablet) at steady state gave 
values of Cmax and Cmin of 4.44 + 0.30 ng-ml^! (range— 
2.4 to 6.4 ng-ml !) and 1.73 + 0.19 ng-ml^! (range—0.8 
to 3.0 ng-ml^!), respectively. The observed accumula- 
tion ratio (Rp = 1.48 + 0.08) was similar to the theoreti- 
cal ratio (R, = 1.48 + 0.05). Half-lives found after single 
(7.63 + 0.78 hours) or repeated (7.10 + 0.58 hours) ad- 
ministration were in accordance. 


Discussion 


The results of these studies in healthy subjects, af- 
ter single and repeated administration, have allowed 
the determination of the main pharmacokinetic pa- 
rameters of rilmenidine. 

From radiolabeled studies and bioavailability stud- 
ies, rilmenidine was rapidly and extensively absorbed 
with a bioavailability factor close to 1. The relative bio- 
availability factors of various pharmaceutical forms 
were calculated, showing their bioequivalence. More- 


AN 
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FIGURE 6. Mean plasma concentra- E 
tions of rilmenidine after single 1 mg 5 
dose and repeated administration ev- 4 
ery 12 hours for 10 days. Theoretical 2 4! 
simulation curve was extrapolated Y 3j 
from data after the single administra- Q^uL 
tion. Plasma concentrations after re- $ 2 
peated administration were drawn to > 
give an appreciation of the correla- a 
tion between the theoretical simula- 2 
tion curve and real plasma concen- s 
trations after repeated administra- z 
tion. x o — 
O 1 2 


over, it was demonstrated that food intake had no sig- 
nificant effect on the bioavailability of rilmenidine, 
although absorption appeared delayed. The increasing 
tmax and tlag time had no influence on the Cmax and 
AUC values. 

Distribution was characterized by a large volume of 
distribution reflecting the good tissular affinity of ril- 
menidine. The binding of rilmenidine on the human 
free fatty-acid serum albumin fraction (equilibrium 
dialysis) is approximately 7.5% and on the o4 glycopro- 
tein acid approximately 3.5% (data not shown). There- 
fore, the large free fraction explains, at least partially, 
the large distribution. The weak involvement of pro- 
tein binding minimizes the risk of pharmacokinetic 
interactions with other drugs, which are frequently 
coadministered with such antihypertensive agents. 

Elimination was characterized mainly by renal ex- 
cretion of rilmenidine as the unchanged compound. 
The large free fraction and the value of the renal clear- 
ance indicate that rilmenidine undergoes not only a 
glomerular filtration but also an active secretion pro- 
cess far superior to that of an eventual reabsorption. 
However, owing to the pKa of this weak base (pKa = 
9), itis likely that such a reabsorption is pH-dependent. 
Metabolism was poorly involved in the elimination 
process. This allows the assumption that no hepatic 
first-pass effect occurs after oral administration, as 
confirmed by the absolute bioavailability. 

The linearity of the pharmacokinetics was demon- 
strated within the 0.5 to 2 mg range after single dose 
administration. For the 3 mg dose, the significant dif- 
ferences observed were slight. The usual prescriptions 
of rilmenidine (1 mg once or twice daily) are in the 
range 0.5 to 2 mg and repeated administration in 
healthy subjects and long-term clinical studies (Beau 
et al., this issue, pages 95D-102D) have never shown 


4 8 6 7 8 9 10 Hd 12^ I MM 
days 


any accumulation or modifications of the main phar- 
macokinetic parameters. 


References 


1. Guicheney P, Dausse JP, Meyer P. Affinités respectives du S 3341 et de la 
clonidine pour les récepteurs adrénergiques alpha 1 et alpha 2 du cerveau du 
Rat. ] Pharmacol (Paris) 1981;12(3):255-262. 

2. Weerasuriya K, Shaw E, Turner P. Preliminary clinical pharmacological 
studies of S 3341 a new hypotensive agent, and comparison with clonidine in 
normal males. Eur J Clin Pharmacol 1984;27:281-286. 

3. Fillastre JP, Godin M, Moulin B, Schwartz J. A double blind comparative 
study of S 3341 and clonidine in 333 hypertensive patients. Third European 
Meeting on Hypertension 1987;Milan:abstr. no. 174. 

4. Laubie M, Poignant JC, Scuvée-Moreau J, Dabire H, Dresse A, Schmitt H. 
Pharmacological properties of (N-dicyclopropylmethylJamino-2-oxazoline S 
3341, an alpha 2 adrenoreceptor agonist. | Pharmacol (Paris) 1985;16(3):259- 
278. 

5. Van Zwieten PA, Thoolen MJMC, Jonkman FAM, Wilffert B, De Jong A, 
Timmermans PBMWM. Central and peripheral effects of S 3341 (N-dicyclo- 
propylmethyl]-amino-2-oxazoline in animal models. Arch Int Pharmacodyn 
Ther 1986;279(1]:130-149. 

6. Westlake WJ. Symmetrical confidence intervals for bioequivalence trials. 
Biometrics 1976;32:741-744. 

7. Spriet A, Beiler D. Table to facilitate determination of symmetrical confi- 
dence intervals in bioavailability trials with Westlake's method. Eur ] Drug 
Metab Pharmacokinet 1978;2:129-132. 

8. Melander A. Influence of food on the bioavailability of drugs. Clin Pharma- 
cokinet 1978;3:337-351. 

9. Ehrhardt JD. Gas chromatography negative ion mass spectrometric assay of 
2-dicyclopropylmethyl amino-2-oxazoline (S 3341), a new antihypertensive 
drug. Biomed Mass Spectrom 1985;12(10):593-595. 

10. Murray S, Watson D, Davies DS. Bistrifluoromethylaryl derivatives for 
drug analysis by gas chromatography electron capture negative ion chemical 
ionization mass spectrometry. Application to the measurement of (N-dicyclo- 
propylmethylJamino-2-oxazoline in plasma. Biomed Mass Spectrom 1985;12: 


. 230-237. 


11. Ung HL, Girault J, Lefebvre MA, Mignot A, Fourtillan JB. Quantitative 
analysis of S 3341 in human plasma and urine by combined gas chromatogra- 
phy-negative ion chemical ionization mass spectrometry: 15 month inter-day 
precision and accuracy validation. Biomed Mass Spectrom 1987;14:289-293. 
12. Gibaldi M. Biopharmaceutics and Clinical Pharmacokinetics. Philadel- 
phia: Lea & Febiger, 1984. 

13. Rowland M, Tozer TN. Clinical Pharmacokinetics: Concepts and Appli- 
cations. Philadelphia: Lea & Febiger, 1980. 

14. Perrier D, Mayersohn M. Noncompartmental determination of the steady 
state volume of distribution for any mode of administration. | Pharm Sci 
1982;71(3):372-373. 


Pharmacokinetics of Rilmenidine 


ERIC SINGLAS, PhD, JEAN DANIEL EHRHARDT, PhD, PAUL ZECH, MD, 
NICOLE POZET, MD, and PATRICK GENISSEL, PhD 


— Rilmenidine, an a2-adrenoceptor agonist, was stud- 


ied (1 mg single dose) in order to determine the ef- 


fects of pathology on its basic pharmacokinetic pa- 
rameters. Because of the mainly renal elimination of 


. rilmenidine, studies involved hypertensive, elderly 


hypertensive, renal insufficient and hepatic insuffi- 
cient patients. Hypertension was found to influence 
neither the absorption, the distribution nor the elimi- 
nation processes; the linearity in the range of 1 to 2 
mg and the absence of accumulation in long-term 


— treatment were confirmed. In contrast, in the elder- 


ly, the absorption phase was delayed. The slight de- 
crease in the apparent volume of distribution 
(—12%), with a notable decrease in the apparent 


R ilmenidine, a novel antihypertensive agent! acting 
as an agonist at a; adrenoceptors,?-? was studied previ- 
ously in healthy subjects in order to determine its ref- 
erence pharmacokinetic parameters (Genissel et al, 
this issue, pages 47D-53D). Rilmenidine was charac- 
terized by a rapid absorption with a maximal plasma 
concentration of 3.5 ng-ml^!, which was reached 1.5 to 
2 hours after administration of 1 mg. Rilmenidine was 
not subject to presystemic metabolism and had a high 
oral bioavailability. Food intake did not modify the 
bioavailable quantity. Rilmenidine was largely dis- 
tributed with a volume of distribution of 300 liters, 
reflecting a good affinity for tissues, the plasma protein 


— binding being less than 10%. Only traces of metabo- 


| 


lites were found in urine, coming from oxazoline ring 


hydrolysis or oxydation, or both. These metabolites did 


not have any a; activity. Rilmenidine was mainly elim- 
inated by renal route: 65% of the administered dose 
was excreted as the unchanged drug through the urine, 
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total clearance (—50%) led to a prolonged elimina- 
tion half-life (+50% ). In renal failure, linear rela- 
tions between the degree of renal impairment and 
the elimination parameters were shown. These rela- 
tions allow the evaluation of the predicted steady- 
state level of rilmenidine for a given degree of renal 
failure. In hepatic insufficiency, the modification of 
rilmenidine disposition concerned exclusively the 
elimination phase in which apparent clearance was 
decreased approximately 2096. In conclusion, these 
results lead to a decreased dosage regimen in pa- 
tients with severe renal failure. 


(Am J Cardiol 1988;61:54D-59D) 


renal clearance (300 ml-min~!) representing two-thirds 
of the total clearance (450 ml-min-^!). The elimination 
half-life was about 8 hours and the mean residence 
time 12 hours. These 2 parameters were not modified 
irrespective of the dose after single or repeated admin- 
istration. After repeated administration, linearity was 
confirmed at steady state, which was reached at the 
third day. 

Because antihypertensive drugs are widely used 
not only in elderly but also in various physiopathologic 
hypertensive populations, it was of interest to verify 
the effects of various conditions (i.e., age, hyperten- 
sion, renal failure and hepatic insufficiency) on the 
basic pharmacokinetic parameters of rilmenidine 
found in healthy subjects. This report presents the 
main results from the pharmacokinetic studies per- 
formed in patients. 


Methods 


Whatever the population studied, plasma and urine 
samples were analyzed for rilmenidine determination 
by a gas-chromatographic method with mass spectro- 
metric detection. This method has been shown to be 
sensitive and specific enough for quantitation of ril- 
menidine in plasma and urine samples drawn after a 
single oral dose of 1 mg.97 

The plasma pharmacokinetic parameters were de- 
termined using the equations described in healthy 
subject studies (Genissel et al, this issue). 
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For all studies, before inclusion, patients under- 
went clinical, hematologic and biochemical evalua- 
tions; other antihypertensive treatment was stopped. 

The results obtained in these populations were 
compared with those obtained from healthy subjects 
receiving the same form (i.e., capsule or tablet). De- 
pending on the trial, clinical features of the patients, 
treatments and sampling schedules are described. 

Hypertensive patients: To study the influence of 
hypertension on pharmacokinetics of rilmenidine, 11 
mild to moderate hypertensive patients, without any 
intercurrent diseases, were selected. The age range 
was 19 to 63 years and the arterial systolic blood pres- 
sure (BP) range was 135.7 to 178.3 mm Hg (151.73 + 4.50 
mm Hg, mean + standard error of the mean] and the 
diastolic BP was 91.3 to 101.2 mm Hg (97.19 + 0.34 mm 
Hg). Patients were given a single oral dose of 1 mg 
(capsule), followed at least 5 days later by another 
single dose of 2 mg. An increasing dose design was 
used for safety reasons as cardiovascular tolerance to 
each patient. Blood samples were obtained at 0.0, 0.25, 
0.5, 0.75, 1, 1.5, 2, 2.5, 3, 3.5, 4, 6, 8, 10, 12, 24, 34 and 48 
hours after dosing. Urine was collected over 0 to 24 
and 24 to 48 hours. To compare pharmacokinetic pa- 
rameters obtained after 1- and 2-mg administration, a 
statistical analysis was performed by analysis of vari- 
ance; for the time to reach maximal plasma concentra- 
tion (tua) a Wilcoxon test was used. 

Elderly hypertensive patients: Sixteen hyperten- 
sive elderly patients (4 men and 12 women, mean age 
81.9 + 1.9 years [range 70 to 95]) received a single oral 
dose of 1 mg of rilmenidine (tablet). Mean systolic BP 
was 163.4 + 1.3 mm Hg and mean diastolic BP was 95.8 
+ 1.1 mm Hg. Renal function was estimated by mea- 
suring the creatinine clearance using the Siersbaeck- 
Nielsen nomogram®; the mean value was 51.3 + 3.3 
ml-min~! (range—31 to 74 ml-min^!). Twelve blood 
samples were obtained at 0, 1, 2, 3, 4, 6, 8, 10, 24, 34, 48 
and 58 hours after dosing. 
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FIGURE 1. Mean + standard error of the 
mean plasma concentrations of rilmeni- 
dine after single 1-mg oral dose (cap- 
sule) in healthy subjects (n — 8) and in 
hypertensive patients (n — 11). 
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Renal failure: Fifteen hypertensive patients (9 
women and 6 men aged between 22 and 65 years) with 
mild to moderate hypertension and presenting renal 
failure with creatinine clearance evenly distributed 
between 6.5 and 72.5 ml-min^! received a single oral 
dose of 1 mg of rilmenidine (tablet); 14 blood samples 
were obtained at 0, 1, 2, 3, 4, 6, 8, 10, 24, 34, 48, 58, 72 
and 82 hours after dosing. Urine was collected over 0 
to 4, 4 to 8, 8 to 12, 12 to 24, 24 to 48, 48 to 72 and 72 to 84 
hours. 

Hepatic insufficiency: The study included 8 pa- 
tients with severe hepatic insufficiency (6 men and 2 
women aged between 36 and 61 years) presenting his- 
tologically confirmed (transjugular biopsy) cirrhosis of 
the liver of alcoholic etiology with hepatocellular fail- 
ure, but without ascites, severe encephalopathy or re- 
nal failure during the study. Before inclusion, hepatic 
cellular failure was confirmed by determination of 
proteins, albumin, prothrombin index and factor V. In 
addition, cytolysis (aspartate aminotransferase and 
alinine aminotransferase) and cholestasis (alkaline 
phosphatase, gamma-glutamyl transferase) were de- 
termined. Patients were given a single oral dose of 1 
mg of rilmenidine (tablet). Twelve blood samples were 
obtained at 0, 1, 2, 3, 4, 6, 8, 10, 12, 24, 34 and 48 hours 
after dosing. 


Results 


All results are expressed as mean + standard error 
of the mean. 

Hypertensive patients: The time profiles of rilmen- 
idine in hypertensive patients were compared with 
healthy subjects (Fig. 1). Plasma pharmacokinetic pa- 
rameters obtained after a single 1- or 2-mg dose are 
summarized in Table I. After 1 mg, rilmenidine was 
rapidly absorbed (tmax, range—1.0 to 2.5 hours) and the 
maximal plasma concentration (Cmax) values were in 
relation to the dose administered. Furthermore, re- 
gardless of the dose, the lag time of absorption (tag) 


B HEALTHY SUBJECTS 
@ HYPERTENSIVE PATIENTS 





12 18 24 30 36 
hours 


and tmax did not differ. The distribution was large (ap- 


. parent volume of distribution range— 223.3 to 346.6 
. liters). Elimination was characterized by an apparent 


total clearance (CL/F) of approximately 500 ml-min ^! 
(range— 329.5 to 630.5 ml-min !). According to the uri- 
nary fraction (66 + 8% of the dose administered), the 
renal clearance (CLg) represented two-thirds of CL/F. 
Comparison of pharmacokinetic parameters after ad- 
ministration of 1 and 2 mg of rilmenidine did not show 


any significant differences. 


Elderly hypertensive patients: Profiles obtained in 


. elderly and healthy subjects are displayed in Figure 2 


and the pharmacokinetic parameters are summarized 


. in Table II. Absorption was characterized by a tlag up 
to 4.6 hours and a tmax of approximately 2.5 hours 


. TABLE | 


(range—1 to 10 hours). Distribution was estimated by 


Pharmacokinetic Parameters of Rilmenidine in 


. Hypertensive Patients After Oral Administration— Comparison 
. with Healthy Subjects 


Hypertensive Patients 


Healthy Subjects * (n — 11) 


(n — 8) 
1 mg 1 mg 2 mg 

tiag (hours) 0.34 + 0.11 0.39 + 0.03 0.32 + 0.06 
Cmax (ng - ml" !) 3.25 + 0.26 3.28 + 0.21 7.85 + 0.70 
tmax (hours) 1.94 + 0.64 1.77 + 0.17 1.33 + 0.22 
V/F (liters) 333 + 32 286 + 13 247+ 12 
thh, z (hours) 7.0 0.9 7.3 + 0:5 6.9+0.5 
MRT (hours) 10+ 1 114 1 10.15 + 0.56 
CL/F (ml - min~') 571+ 35 468 + 28 451 + 37 
CLg (ml * min") — -311 + 41 314 + 42 
fe (96) — 66+ 8 68+ 5 


* From linearity study after single dose. 

Values are expressed as mean + standard error of the mean. 

CL/F = apparent total clearance; CL, = renal clearance; Cmax = maximal 
plasma concentration; fe = fraction of the unchanged drug excreted in urine; 
MRT = mean residence time; tiag = lag time of absorption; tmax = time to reach 
the maximal plasma concentration; ts, z = terminal half-life; V/F = apparent 
volume of distribution. 
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A SYMPOSIUM: RILMENIDINE—A NOVEL ALPHA; AGONIST ANT IHYPERTENSIVE AGENT 


area under the curve (AUC) and apparent volume of 
distribution. Elimination was described by a total ap- 
parent clearance of approximately 250 ml-min^! and a 
13-hour elimination half-life. Absorption appeared 
delayed (tiag + 75%, Cmax + 40%, tinax + 40% and AUC 
+ 104%). In the same manner, distribution was de- 
creased by 12%, whereas elimination was delayed 
with an elimination half-life increased by 50% and a 
CL/F diminished by 50%. 

Renal failure: Plasma pharmacokinetic parameters 
of rilmenidine in renal failure are summarized in Ta- 
ble III. Gastrointestinal absorption of rilmenidine was 
rapid, irrespective of the degree of renal impairment. 
Neither tmax and Cmax nor volume of distribution varia- 
tions correlate with the degree of renal failure, al- 
though with severe renal failure one can observe mod- 
ifications of tmax and Cmax due to the decrease of 
elimination. Elimination parameters (t5, z, mean resi- 
dence time, CL/F and CLg) appeared related to the 
degree of renal failure. The linear relations between 
renal impairment and the elimination parameters are 
shown in Figures 3 and 4. | 

Hepatic insuffuciency: Profiles obtained in healthy 
subjects and in patients with hepatic failure are shown 
in Figure 5. The mean plasma pharmacokinetic pa- 
rameters are reported in Table IV. Absorption and 
distribution were slighly affected by hepatic disease 
with a Cmax decreased by 10% and a tmax increased by 
20%, confirming the minimal hepatic first-pass effect 
for rilmenidine. The apparent volume of distribution 
did not vary significantly (+7%). Elimination ap- 
peared reduced in these patients, as demonstrated by 
an apparent total clearance decreased by 28% and an 
increase by 40 and 39% of t^^, z and mean residence 
time, respectively. 


Discussion 


Hypertension was not found to influence the ab- 
sorption, distribution or the elimination processes of 
rilmenidine when compared with healthy subjects. 


FIGURE 2. Mean + standard error of the 
mean plasma concentrations of rilmeni- 
dine after single 1-mg oral dose (tablet) 
in healthy subjects (n — 12) and in elder- 
ly patients (n — 16). 
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TABLE li Pharmacokinetic Parameters of Rilmenidine in Elderly 
Hypertensive Patients After Oral Administration—Comparison 
with Healthy Subjects 








Elderly Hypertensive 

Patients Healthy Subjects * 

(n — 16) (n = 12) 
tiag (hours) 0.66 + 0.29 0.25 + 0.07 
Cmax (ng * mI!) 4.64 + 0.19 3.49 + 0.16 

_ tmax (hours) 2.49 + 0.56 1.79 + 0.21 

AUC (ng -h - mI!) 78 t7 38 + 4 
V/F (liters) 251 X 29 325 + 21 
tih, z (hours) 1341 91 
MRT (hours) 18+ 1 12 € 1 
CL/F (ml - min" !) 234 + 18 475+ 41 





* From absolute bioavailability study of the tablet form. 

Values are expressed as mean + standard error of the mean. 

AUC = area under the plasma concentration curve; other abbreviations as 
in Table |. 
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FIGURE 3. Rilmenidine renal clearance (CLp, n = 14) and total 
apparent clearance (CL/F, n — 15) in patients with renal failure. A 
statistically significant correlation was observed between creati- 
nine clearance (CL,,) and renal clearance of rilmenidine (p = 
0.001, r = 0.779, y = 2.99 x + 13.41), solid line; creatinine clear- 
ance and total apparent clearance of rilmenidine (p «0.001, r — 
0.763, y = 3.33 x + 73.95), dotted line. Theoretical CL/F (*) and 
CLr (**) were calculated from these data, considering normal 
glomerular filtration rate is 120 ml-min"'. These values are very 
close to those obtained from studies in healthy subjects (CL/F — 
475 ml*min ! and CL& = 330 ml*min !). 


Furthermore, the parameters obtained after 1 or 2 mg 
verified the linearity of the pharmacokinetics of ril- 
menidine in the range 1 to 2 mg, as previously de- 
scribed in healthy subjects. In the open long-term 
treatment study, the plasma levels obtained were in 
agreement with those predicted from the pharmacoki- 
netic parameters obtained after single-dose adminis- 
tration (data not shown), giving further evidence for 
the absence of accumulation in long-term therapy. 
Comparison of pharmacokinetic parameters in el- 
derly hypertensive patients with those in healthy sub- 
jects or even with young adult hypertensive patients 
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TABLE Ili Pharmacokinetic Parameters of Rilmenidine in 
Patients with Varying Degrees of Renal Failure After Oral 
Administration 
Glomerular Filtration Rate 
75-45 45-15 15-5 
ml - min”! ml · min"! ml · min^! 
(n = 5) (n = 4) (n = 6) 
tiag (hours) 0.04 + 0.04 0.18 + 0.11 0.17 £0.10 | 
Cmax (Ng * mi~") 3.60 + 0.25 5.05 + 0.39 5.33 + 0.56 
tmax (hours) 1.60 + 0.40 1.75 + 0.48 2.17 + 0.31 
V/F (liters) 431+ 82 272+ 39 291+ 36 
tl, z (hours) 18+3 2346 34 3 
MRT (hours) 22-2 26105 43 +5 
CL/F (ml - min" !) 289 + 36 161+ 34 102 4+ 12 
CLp (ml - min" !) 208 + 31 80 + 27 46 t 11 





Values are expressed as mean + standard error of the mean. 
Abbreviations as in Table |. 


TABLE IV Pharmacokinetic Parameters of Rilmenidine in 
Patients with Hepatic Insufficiency After Oral Administration— 
Comparison with Healthy Subjects 








Patients with Hepatic 
Insufficiency Healthy Subjects * 

(n — 8) (n = 12) 
tiag (hours) 0.34 + 0.15 0.25 + 0.07 
Cmax (ng * ml) 3.15 + 0.20 3.49 + 0.16 
tmax (hours) 1.38 + 0.26 1.79 + 0.21 
V/F (liters) 347 + 36 325 + 21 
t1, z (hours) 1241 941 
MRT (hours) T£ 4 12+ 1 
CL/F (ml - min !) 343 + 27 475 t 41 





* From absolute bioavailability of the tablet form. 
Values are expressed as mean + standard error of the mean. 
Abbreviations as in Table |. 


revealed differences concerning the body disposition 
of rilmenidine: 
1. Absorption was delayed in the elderly; there was 


no clinical reason for such a delay (no associated drug. 


that could modify the motility of gastrointestinal trac- 
tus). In the elderly population, interindividual vari- 
ability is larger than in healthy subjects? and could also 
be evoked. However, only the tmax showed a notable 
interindividual variation, this being due to 1 patient 
only. 

2. Modification in the total body fluid and in the 
perfusion flow rates with age!^!! would be responsible 
for the decrease in the apparent volume of distribution 
leading to higher plasma concentrations. 

3. Elimination was reduced, as demonstrated by a 
prolongation of the elimination half-life, an increase 
in the mean residence time and a decreased CL/F. 
When considering the extent of renal elimination in 
the clearance of rilmenidine, involving both glomeru- 
lar filtration and tubular secretion, the physiologic re- 
nal insufficiency in the elderly is likely to be involved: 
in the reduction of the observed clearance. This de- 
crease in total clearance is responsible for the increase 
in terminal elimination half-life. An increase of both 
AUC and Cmax could indicate a slight increase in b 
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total bioavailability of rilmenidine in the elderly. 
. However, because of the bioavailability in healthy 


subjects (close to 1), such an increase is unlikely. These 
modifications in the biodisposition of rilmenidine in 
the elderly do not lead to a proposition of an adapta- 
tion of the dosage regimen, since prescriptions for pa- 
tients over age 70 years is 1 mg twice daily only in a few 
cases and well accepted. 

In patients with renal failure, the absorption was 
not modified, except in the severe group (CL., 5-15 
ml-min-!). The modifications of t4; and Cmax in severe 
renal failure are likely to be due to the decrease in 
elimination. Indeed, elimination parameters were di- 
rectly correlated to the degree of renal failure. 

The predicted values of CL/F for a healthy subject 
can be evaluated by using the equation CL/F = f 
(CL), depicted in Figure 3. 


One can observe from Figure 3 that the nonrenal 
clearance is not affected by renal impairment. This 
fact is conflicting with the notion that renal impair- 
ment would be, in part, compensated by a higher non- 
renal clearance. This may be explained, first by the 
weak incidence of nonrenal clearance in the CL of 
rilmenidine and second by an overestimated value of 
CL/F. In patients with severe renal failure, as indicat- 
ed by a creatinine clearance of 15 ml-min^!, the CL/F 
of rilmenidine (107.3 ml-min^!) was 25% of that seen in 
subjects with normal renal function. 

These results justify the adaptation of the daily dose 
of rilmenidine in patients presenting severe renal fail- 
ure (creatinine clearance «15 ml-min-!). 

In patients with hepatic insufficiency, the modifi- 
cations of rilmenidine disposition after a single dose 
were weak. The slight variations in absorption and 
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distribution confirm the minimal first-pass effect for 
rilmenidine. The decrease in CL/F could be due to an 
alteration in the metabolic function owing to the renal 
changes induced by liver disease; it appears reason- 
able to envisage that the decrease in the elimination 
rate is related to impairment of both hepatic and renal 
functions. 

The clinical acceptability of rilmenidine (1-mg sin- 
gle dose) was good, without any significant side effect 
reported in all these studies. The main pharmacokinet- 
ic characteristics described in healthy subjects are 
similar in patients, i.e., a rapid absorption, a large dis- 
tribution and an elimination through the urine in the 
unchanged form. The involvement of renal function in 
the disposition of rilmenidine implies a modification 
of the dosage regimen in severe renal failure. 
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Dose and Concentration-Effect 
Relations for Rilmenidine 


COLIN T. DOLLERY, FRCP, DONALD $S. DAVIES, PhD, 
JACQUES DUCHIER, MD, BRUNO PANNIER, MD, and MICHEL E. SAFAR, MD 


The dose-effect and concentration-effect relations of 
rilmenidine, a new o? agonist, were evaluated for 
the hemodynamic and side-effect responses to sin- 
gle oral doses. Two studies were performed in a 


. double-blind manner: study ! in 8 healthy subjects 
.. end study Il in 10 hypertensive patients. 


In the course of five 24-hour periods, each sepa- 


.. rated by at least 1 week, the following 5 treatments 


were administered in a random order: placebo, ril- 
menidine (0.5, 1, 2 and 3 mg). Blood pressure was 
measured with a Roche arteriosonde (study lI) or a 
sphygmomanometer (study Il). Sedation was mea- 


. sured using a visual analog scale. Dry mouth was 


assessed by measuring the salivary flow (study I) or 
by visual analog scale (study Il). Plasma concentra- 
tion of rilmenidine was assayed by gas chromatog- 
raphy linked with mass spectrometry. The antihy- 
pertensive and sedative effects (area under curve) 


0 ne of the main problems in drug research and de- 


=- velopment is the determination of the dose to be used 


in repeated administration. This aim can be ap- 
proached by determining the relation between the 
dose, its clinical efficacy and the occurrence of ad- 
verse effects. Furthermore, to obtain the concentra- 
tion-effect relation is of a great clinical relevance.'^ 
Dose-effect and concentration-effect relations have 
been previously described for o; agonists." ^ Ani- 
mal!?!^ and clinical? pharmacologic studies per- 
formed with rilmenidine, a new o» agonist, showed 
that a dissociation could occur between blood pressure 
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were directly related to the dose and to the log of 
the plasma concentration of rilmenidine. In contrast 
to the 2- and 3-mg doses, rilmenidine (0.5 and 1 
mg) did not induce orthostatic hypotension, a signifi- 
cant decrease in heart rate or a significant dryness 
of mouth. At doses of 0.5 and 1 mg, the effects of 
rilmenidine on sedation were not consistent in both 
studies: sedation was significant in study | but did 
not differ from placebo in study Il. 

These studies show that rilmenidine, in common 
with other œ, agonists, decreases blood pressure in 
a dose-dependent manner, in normotensive as well 
as in hypertensive subjects. The dissociation be- 
tween a satisfactory antihypertensive activity and a 
low level of adverse effects obtained with single ad- 
ministration of 1 mg appears promising for repeated 
administration. 

(Am J Cardiol 1988;61:60D-66D) 


(BP) effects and lateral central nervous system effects 
of this compound. The aim of this report was to further 
investigate this hypothesis while evaluating the dose- 
effect and concentration-effect relations of rilmeni- 
dine for the hemodynamic and side-effect responses to 
single oral administration in healthy volunteers and 
hypertensive patients. 


Methods 


Subjects and patients: Two studies were separately 
performed. In study I (London group), the subjects se- 
lected were normotensive men, aged between 18 and 
35 years, in good health as judged from clinical and 
laboratory investigations. All subjects had not re- 
ceived any treatment 1 month before inclusion. In 
study II (Paris group), the hypertensive patients select- 
ed were of either gender, aged between 21 and 61 
years, with a supine diastolic BP between 95 and 130 
mm Hg. All patients had not received any antihyper- 
tensive treatment 2 weeks before inclusion. They were 
considered to have sustained essential hypertension 
on the basis of thorough clinical and biological investi- 


+. 
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gations. The protocols were approved by ethics com- 
mittees and all subjects or patients gave informed con- 
sent to participate in the studies. 

Study design: Both studies were performed in a 
double-blind manner. In the course of five 24-hour in- 
patient periods, each separated by at least 1 week, 
subjects and patients received the following 5 treat- 
ments in a random order: placebo and rilmenidine 
(0.5, 1, 2 and 3 mg). The drug was administered orally 
in identical capsules with matching placebo capsules. 
In study I, 8 subjects were included. In study II, ran- 
domization according to a latin-square design was 
used (n = 10 patients). 

From 9 p.m. on the evening before each in-patient 
period, subjects and patients were to abstain from 
smoking and from taking caffeine or alcoholic-con- 
taining beverages. Studies were undertaken in a quiet, 
temperature-controlled environment under adequate 
clinical supervision. Subjects and patients arrived at 
the laboratory 1 hour before drug administration and 
remained at rest while an intravenous cannula was 
inserted into a forearm vein. 

BP was measured in duplicate with a Roche arterio- 
sonde 1217 in study I and with a mercury sphygmoma- 
nometer (Korotkoff's phase V for diastolic BP) in study 
II. BP measurements were performed after 15 minutes 
of rest or 2 minutes of standing. Heart rate (HR) was 
measured over a period of 1 minute from the radial 
pulse in study I and from cardiac auscultation in study 
II. Sedation was measured in both studies using a visu- 
al analog scale of 100 mm on which the poles were 
labeled “wide awake" and "nearly asleep '.?!9 Sub- 
jects and patients were invited to mark the scale using 
a continuous scoring system and previous scales were 
withdrawn from subjects. Dryness of mouth was as- 
sessed by 2 different methods. In study I (subjects), 
salivary flow was obtained by duplicate measure- 
ments of the gain in weight of 4 cotton wool rolls 
placed over the orifices of the salivary glands over 1 
minute. In study II (patients), dry mouth was measured 
using a visual analog scale of 100 mm on which the 
poles were labeled “no dryness of mouth whatsoever" 
and "absolutely dry mouth." All other symptoms re- 
ported were to be noted and described. 

In study I (subjects), systolic and diastolic BP and 
HR were measured in the supine position under base- 
line conditions and then 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12 and 
24 hours after administration. Systolic and diastolic 
BP and HR in the standing position as well as sali- 
vary flow and sedation were measured under baseline 
conditions and 1, 2, 4, 6, 8, 12, and 24 hours after ad- 
ministration. 

In study II (patients), systolic and diastolic BP and 
HR in the supine and standing positions were mea- 
sured under basal conditions and then 0.25, 0.50, 0.75, 
1, 1.29, 1.5, 1.75, 2, 2.5, 3, 3.5, 4, 5, 6, 8, 10, 12, 14, 17, 20 
and 24 hours after administration. Dry mouth and se- 
dation were measured under basal conditions and 1, 2, 
3, 4, 5, 6, 8 and 10 hours after administration. 

The plasma concentration of rilmenidine was as- 
sayed by gas chromatography linked with mass spec- 
trometry.'” In study I, blood samples for measurement 
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of rilmenidine plasma levels were obtained from the 8 
subjects under basal conditions and 0.5, 1, 1.5, 2, 2.5, 3, 
3.5, 4, 5, 6, 8, 10, 12 and 24 hours after administration. In 
study II, blood samples were obtained from 6 patients 
under basal conditions and 1.5, 2, 3 and 5 hours after 
administration. 
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Statistical analysis: Homogeneity under basal con- 7 


ditions was tested by a 2-way analysis of variance. . 


Dose-effect relation was tested by analysis of linear 
regression!’ applied to areas under the curve (trape- 





zoidal method, cartesian values) calculated for the | 


different parameters of activity and acceptability. — 


Changes obtained with different doses of rilmenidine 


were tested by a 3-way analysis of variance. If dose X - 


time interaction was significant (p «0.05), Newman- 


Keuls test was used for comparison with placebo. Con- 
centration-effect relations were tested in study I by . 
analysis of linear regression applied to all individual . 
pairs (logarithm of concentration, effect) with all sub- — 


jects, all doses and all times taken together. In study II, 


individual linear regression was tested for each pa- - 


tient. All results were expressed as mean + standard 
error of the mean. 


Results 


Population: Eight healthy subjects were included i 


in study I (mean age 28.6 + 1.1 years [range 25 to 35], 
mean weight 76.4 + 4.8 kg [range 64 to 105 kgl). 
Ten hypertensive patients were included in study II 


(mean age 34.6 + 3.9 years [range 21 to 61], mean - 


weight 68.0 + 2.5 kg [range 55 to 80 kg]). The mean 
systolic BP was 159.74 + 6.61 mm Hg (range 136.0 to 
210.0) and mean diastolic BP was 105.26 + 3.52 mm Hg 
(range 95.3 to 129.3). 
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In both groups, before each assessment, means of — 
each measured parameter before administration of the — 
different doses were homogenous, showing no signifi- — 


cant differences. 


Mean plasma concentration profiles of rilmeni- - 
dine: Mean plasma levels of rilmenidine vs time are © 
shown in Figure 1. For doses of 0.5, 1, 2 and 3 mg of | 
rilmenidine, the maximal concentrations were, re- — 
spectively: 1.29 + 0.14, 2.81 + 0.40, 4.73 + 0.31, 9.48 £ 


1.03 ng-ml! in study I (n = 8) and 1.31 + 0.12, 2.66 + 


0.36, 6.00 + 0.22, 8.98 + 0.73 ng-ml^! in study II (n = 6). - 


In study I, peak concentrations were obtained at 2.5 
hours for the 0.5-mg dose and at 1.5 hours for the 
higher doses. In study II, peak plasma levels were 
obtained at 1.5 hours after 0.5 and 1 mg, and at 2.0 
hours after 2 and 3 mg. 

Blood pressure: In study I, BP decreased signifi- 
cantly after all doses of rilmenidine in comparison 
with placebo from 1.5 hours after administration and, 


lasted until 8 hours after 0.5 mg, and 12 hours after 1, 2. 
and 3 mg (Fig. 2). The maximal decrease in BP oc- . 
curred between 2 and 3 hours after administration and 


the means of the maximal individual differences vs TO 
were dose-dependent (Table I). Clinical symptomatic 
orthostatic hypotension was noted in 1 subject after the 
3-mg dose. The decrease in systolic and diastolic BP in 


supine and standing positions followed a significant — 


linear dose-effect relation within the dose-range test- 
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ed (Fig. 3). The decrease in supine systolic and diastol- 
ic BP showed significant linear relations with the loga- 
rithm of plasma concentration of rilmenidine (Fig. 4). 
In study II, systolic BP in the supine and erect posi- 
tions differed significantly from BP with placebo only 
after 1-, 2- and 3-mg doses of rilmenidine (Fig. 2). Dia- 
stolic BP in the supine and erect positions differed 
significantly from BP with placebo after 2- and 3-mg 
doses of rilmenidine. The onset of action was short- 
ened as the dose increased: 2 hours after 1 mg and 1 
hour after 2 and 3 mg. Peak activity was obtained ap- 
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proximately 3.5 hours after dosing and the means of 
the maximal individual differences vs TO were dose- 
dependent (Table I). The duration of action was 10 to 
12 hours for 1 mg, 14 to 17 hours for 2 mg and 17 to 20 
hours for 3 mg. No orthostatic hypotension was ob- 
served for the doses of 0.5 and 1 mg. At the 2 doses of 2 
and 3 mg, orthostatic hypotension was observed in 2 of 
the 10 patients. The decrease in systolic and diastolic 
BP in the supine position was dose-related in a signifi- 
cant linear fashion (p «0.001, r = 0.51 for systolic BP; p 
—0.01, r = 0.29 for diastolic BP). The individual analy- 
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sis of the 6 patients for whom rilmenidine plasma lev- 
els were available showed that the decrease in BP 
followed a significant log concentration-effect relation 
in 5 patients for supine systolic BP and in 4 patients for 
supine diastolic BP. 

Heart rate: In study I, supine HR did not differ 
from that with placebo after doses of 0.5 and 1 mg. A 
significant difference was present after doses of 2 mg 
(at 3 and 6 hours) and 3 mg (from 3 to 8 hours). The 
decrease in supine HR followed a significant linear 
dose-effect relation (p = 0.006, r = 0.19). Standing HR 
showed no significant dose-effect relation and did not 
differ significantly from placebo. Means of maximal 
individual differences were not dose-dependent (Ta- 
ble I). 

In study II, supine HR did not differ from that with 
placebo after doses of 0.5, and 1 and 2 mg. A significant 
difference was present after the dose of 3 mg (from 5 to 
12 hours). Supine and standing HR did not show any 
significant dose-effect relation. Means of maximal in- 
dividual differences were not dose-dependent (Table 
I). Standing HR did not differ from placebo with any 
dose administered. 

Sedation: In study I, sedation (Fig. 5) differed sig- 
nificantly from that with placebo, after doses of 0.5 mg 
(from 2 to 6 hours), 1 and 2 mg (from 2 to 8 hours) and 3 
mg (from 2 to 12 hours). Sedation showed a significant 
linear relation with the dose (Fig. 6) and with the log of 
plasma concentration of rilmenidine (Fig. 4). 

In study II, sedation (Fig. 5) did not differ from that 
observed with placebo for the dose of 1 mg. Sedation 
differed significantly from that with placebo after 
doses of 0.5 and 2 mg (at 3 and 4 hours) and for the dose 
of 3 mg (from 1 to 5 hours and at 10 hours). Sedation 
showed a significant linear dose-effect relation (p 


«0.001, r = 0.47). The individual analysis of the 6 pa- 
tients from whom rilmenidine plasma levels were 
available showed that a significant linear log concen- 
tration-effect relation was found in only 1 patient. 
Dryness of mouth: In study I, salivary flow (Fig. 7) 
decreased significantly compared with placebo after 
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FIGURE 3. Dose-effect relations obtained by linear regression anal- 
ysis in study | (healthy subjects, n = 8). Blood pressure-lowering 
effects, assessed by areas under curves (AUC), are directly related 
to the dose of rilmenidine (placebo — 0) for systolic (SBP) and 
diastolic blood pressure (DBP). 


TABLE! Means of Maximal Individual Differences Versus TO in Blood Pressure and Heart Rate 
After Single Administration of Rilmenidine or Placebo 


Healthy 
Subjects Supine SBP Erect SBP Supine DBP Erect DBP Supine HR Erect HR 
(n — 8) (mm Hg) (mm Hg) (mm Hg) (mm Hg) (beats/min) (beats/min) 
Study ! 
Placebo 62:1 —8+3 =—§+ 2 —8+3 —12 392 —10+4 
0.5 mg —8i3 oth) 9 "5432 —— — Pee Pe -6+3 
Img =E £5 =20 22 —12 X3 —14+3 —15 +3 =r 22 
2 mg —18 i3 —29 +3 —153-3 —<16 = 2 ari E —10+2 
3 mg 425 22 —37 X4 —716 + 2 —24 t4 —16 i3 — 
Hyper- 
tensive 
Patients Supine SBP Erect SBP Supine DBP Erect DBP Supine HR Erect HR 
(n — 10) (mm Hg) (mm Hg) (mm Hg) (mm Hg) (beats/min) (beats/min) 
Study II 
Placebo —25 +3 —28 + 4 —23-E4 —P£ 354 — ee —15 +4 
0.5 mg — +6 —26+4 — Pg —18+4 tie N —17+3 
Img —30 + 4 —35 + 6 —21 +2 —18+2 —13 £2 — T E 9 
2 mg —45 +4 =39 t6 =2 t3 —23+4 16:52 SITES 
3 mg —46 3 —46 +8 —30 + 3 —29 t4 719 32 —15+4 
DBP = diastolic blood pressure; HR = heart rate; SBP = systolic blood pressure. 
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CONCENTRATION 
FIGURE 4. Concentration-effect relations obtained by linear regres- 
sion analysis in study | (healthy subjects, n = 8). Sedation and 
decrease in systolic blood pressure, assessed by the differences 
with respect to baseline values, are directly related to the log of 
rilmenidine plasma concentration. 
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FIGURE 5. Sedation (visual analog scale) time profiles after single administration of rilmenidine or placebo to healthy subjects (study I) or 
to hypertensive patients (study Il). 
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doses of 2 and 3 mg, from 2 to 12 hours after adminis- 
tration. No significant variation occurred after the 
doses of 0.5 and 1 mg, except at 8 hours after the 1-mg 
dose. There was no significant linear dose-effect rela- 
tion for salivary flow (Fig. 6). 

In study II, dry mouth (Fig. 8) was significantly dif- 
ferent from that with placebo for the dose of 2 mg (at 5 
and 6 hours) and for the dose of 3 mg (at 2, 3, 5, 6 and 10 
hours). Dry mouth did not differ significantly from that 
with placebo after doses of 0.5 and 1 mg. There was no 
significant linear dose-effect relation. 

Other adverse reactions: No other adverse reac- 
tions were reported by the healthy subjects or by the 
hypertensive patients. 


Discussion 


When the recognized difficulties involved in carry- 
ing out dose-effect and concentration-effect studies 
were taken into account, particular attention was paid 
to the reliability and reproductibility of the methods 
used, e.g., measurement of BP with an arteriosonde 
and the evaluation and quantification of side effects 
and adverse reactions by validated techniques, visual 
analog scale and quantitative measurement of salivary 
flow.?16 Furthermore analysis of results in terms of 
areas under the curve offered an additional advantage 
in the present studies. It offered the possibility of eval- 
uating the dose-effect relations by application of linear 
regression analysis to all values measured in the time 
course of the study.! It is thus possible to evaluate the 
overall pharmacologic effect in each subject at each 
dose level. 

The dose-hypotensive activity relation was demon- 
strated in both healthy subjects and hypertensive pa- 
tients. A dose-effect relation was also found for seda- 
tion in both studies. These relations were previously 
demonstrated for other o5 agonists, e.g., clonidine, 
guanfacine or guanabenz, in healthy subjects or in 
hypertensive patients.11.12.19 
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FIGURE 6. Dose-effect relations obtained by linear regression anal- 
ysis in study | (healthy subjects, n = 8). In contrast to salivary flow, 
sedation (visual analog scale) assessed by areas under curves 
(AUC) is directly related to the dose of rilmenidine (placebo = 0). 
NS = not significant. 
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FIGURE 7. Salivary flow time profiles af- 
ter single administration of rilmenidine 600 
or placebo to healthy subjects (study 1). 
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A concentration-effect relation was demonstrated 
for rilmenidine. Such a relation has already been 
shown with clonidine.*529?! With clonidine, a plateau 
is seen in hypotensive activity that is followed by an 
attenuation in the BP-lowering effect.24 The results 
obtained with rilmenidine in the range of doses tested 
seem to indicate that the effects on systolic BP did not 
reach a plateau at the highest concentrations and there 
was certainly no evidence for an attenuation of hypo- 
tensive effect. 

In the range of doses tested, the hypotensive effects 
of the 0.5-mg dose appeared slight and not statistically 
different from those with placebo. In contrast, the ef- 
fects of the 2- and 3-mg doses appeared marked. 
Means of maximal individual differences with the 2- 
and 3-mg doses for supine systolic BP were 18 and 25 
mm Hg in healthy subjects and 45 and 46 mm Hg in 
hypertensive subjects, respectively. Clinically symp- 
tomatic orthostatic hypotension was noted in 1 healthy 
subject (after a 3-mg dose) and in 2 hypertensive pa- 
tients (after the 2- and 3-mg doses). After 2 and 3 mg, 
central nervous system effects were very marked, in- 
compatible with long-term treatment. The best effica- 
cy/acceptability ratio appeared to be obtained with 
the 1-mg dose, demonstrating satisfactory antihyper- 
tensive effects (maximal systolic BP decrease of 30 mm 
Hg in hypertensive subjects) with no salivary flow re- 
duction (study I) or occurrence of dry mouth (study II) 
compared with placebo. At a dose of 1 mg, sedative 
effects were not consistent in the 2 studies (significant 
in study I, nonsignificant in study II). Preliminary stud- 
ies in healthy volunteers have shown that, compared 
with clonidine, lesser sedation with the same decrease 
in BP was observed after a single administration of 
rilmenidine.!* 

Results from these studies lead to recommendation 
of the 1-mg dose in repeated administration. If the 
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dissociation observed at this therapeutic dose between 
hypotensive activity and central nervous system side 
effects was confirmed in the treatment of hypertensive 
patients, it would appear to be a novel feature and to 
individualize rilmenidine among o; agonists. 
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Hemodynamic and Electrophysiologic Effects of a 
New Alpha;-Adrenoceptor Agonist, 
Rilmenidine, for Systemic Hypertension 


FAIEZ ZANNAD, MD, ETIENNE ALIOT, MD, JACQUELINE FLORENTIN, MD, 
JEAN-PIERRE SAULNIER, MD, and JEAN-MARIE GILGENKRANTZ, MD 


The hemodynamic and electrophysiologic effects of 
rilmenidine were examined after single oral adminis- 
tration to hypertensive patients. 

In 8 untreated hypertensive patients, cardiac out- 
put, pulmonary pressure and blood pressure were 
measured before and for 10 hours after the admin- 
istration of 25 ug/kg of rilmenidine (1.3 to 2.4 mg, 
mean 1.88). In addition, electrophysiologic investi- 
gations were performed before and 2 hours after 
administration. 

Hemodynamics were repeated in 8 other hyper- 
tensive patients receiving 50 g/kg rilmenidine (3.0 
to 4.8 mg, mean 3.85 mg). 

The electrophysiologic study was repeated in 8 
other hypertensive patients receiving 50 ug/kg of 
rilmenidine (3.2 to 4.4 mg, mean 3.90). 


B agonists induce a decrease in 
blood pressure (BP) associated with hemodynamic 
changes that vary from substance to substance.!-* The 
reference drug, clonidine, has mild anticholinergic- 
like cardiac electrophysiologic effects, both in ani- 
mals? and in humans.97 

Rilmenidine, 2 |(dicyclopropylmethyl) amino| 2-ox- 
azoline, is a new a2-adrenoceptor agonist with antihy- 
pertensive properties. Acute administration in animals 
is followed by a reduction in cardiac output, less pro- 
nounced than with clonidine, a decrease in heart rate 
(HR) and an increase in ejection volume, with no sig- 
nificant change in peripheral vascular resistance.? 


From the Departement de pharmacologie clinique, Faculté de 
Médecine, Nancy, Service de Cardiologie, Hópital Central, 
Nancy, and Service de Cardiologie, Centre Hospitalier, Epinal, 
France. 

Address for reprints: Faiez Zannad, MD, Laboratoire de 
Pharmacologie, Faculté de Médecine, BP 184, 54307 Van- 
doeuvre-Les-Nancy, France. 
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In contrast to the results obtained at the dose of 
50 ug/kg, there was no significant variation in pul- 
monary arterial pressure, cardiac index or stroke in- 
dex after administration of 25 g/kg. No significant 
variation was observed in heart rate, sinus function, 
conduction parameters or atrial, nodal and ventricu- 
lar refractory periods after adminstration of 25 and 
50 ug/kg. 

Rilmenidine, after single oral administration at the 
25 ug/kg dose, led to a significant reduction in 
blood pressure and peripheral resistance without 
any significant change in cardiac output; the 25- 
and 50-ug/kg doses led to no alteration in heart 
rate and cardiac electrophysiology. 


(Am J Cardiol 1988;61:67D-71D) 


The aim of this study was to evaluate the effects of 
single oral administration of rilmenidine, 25 and 50 
ug/kg, on cardiac hemodynamics and electrophysiol- 
ogy in hypertensive patients and thus to achieve a 
greater understanding of its pharmacologic activity. 


Methods 


Patients: Patients, aged younger than 70 years, were 
included in the study if they presented with essential 
hypertension (diastolic BP between 90 and 120 mm Hg) 
without cardiac, renal or hepatic impairment. Patients 
were either untreated or had discontinued their anti- 
hypertensive medication more than 2 weeks before 
start of the study. Their informed consent was ob- 
tained and the study protocol was approved by the 
local Ethics Committee. 

Hemodynamic investigations: Systolic and diastol- 
ic BP were measured using a standard mercury sphyg- 
momanometer (diastolic BP, Korotkoff phase V). A 
Swan-Ganz catheter was introduced into a brachial 
vein and positioned under fluoroscopic guidance in 
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the pulmonary artery. Pressures were measured using 


a Statham transducer and cardiac output (CO) was 


. determined by the thermodilution method (Edwards 
-. 9520). Three measurements were performed at each 


time point, and the mean value was used for analysis. 


- The following parameters were measured: sinus cycle 


E Cardiac index: CI = 
| 


length, systolic, diastolic and mean pulmonary arterial 
pressure, pulmonary capillary pressure and CO. 


| 
The following parameters were calculated: 
CO 


— CO  . .(1-min-7*m-?) 
Body surface area 


E Stroke volume: SV = an (ml-systole7!) 


— — IA 


— 

he, { i 

. Stroke index: 
| 
| 


] = ———92  — —  —— (m | -systole~1-m~?) 


2] Body surface area 


| Indexed systemic resistance: 


| ISR = EF (dynes-s-cm ?-m?) 


E | 
where MAP is the mean arterial pressure: 

| M AP = diastolic + systolic BP - diastolic BP (mm Hg). 
| 


3 


* | Electrophysiologic investigations: Electrophysio- 
. logic investigations were performed using 3 intra- 
- cardiac USCI 6Fr catheters inserted percutaneously 
- through the femoral vein and positioned under fluoro- 
H scopic guidance. One quadripolar catheter was posi- 
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tioned in the high lateral right atrium close to the sinus 
node. One bipolar catheter was placed in the His bun- 


-. dle region, and a second in the right ventricular apex. 


Pacing was performed with a programmable external 


— orthorhythmic stimulator (SAVITA), delivering stimuli 








before each measurement at twice the late diastolic 


— threshold. Intracardiac electrograms and standard 
- surface electrocardiographic leads were displayed si- 
-. multaneously on a 6-channel oscilloscope (Siemens 
. Elema Mingograph 82) (paper speed during measure- 


ment—200 mm/s). The following parameters were de- 


. termined: sinus cycle length (mean of 10 consecutive 
- cycles); atrio- His conduction time (ms), i.e., the inter- 


val between the beginning of the atrial electrogram 


. recorded on the His lead (A wave) and the first His 
-. bundle deflection (H wave); His-ventricular conduc- 
- tion time (ms), i.e., the interval between the first His 
- bundle deflection (H wave) and the beginning of the 


ventricular complex on the surface lead where it oc- 


- curs the earliest; and intraventricular conduction time 
- (ms), i.e., the duration of ventricular depolarization. 
— The Wenckebach point (beats/min) was measured by 
- continuous atrial pacing at a frequency increased by 


10-beat increments every 30 seconds; this was defined 
as the lowest heart rate at which a Wenckebach period 


— was obtained, i.e., a gradual prolongation of the PR 


interval until a P wave occurred that was not followed 
by a ventricular response. Corrected sinus node recov- 


- ery time (ms) was measured after atrial pacing at fixed 
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frequencies (90, 110 and 130 beats/min), which was 
abruptly stopped. The sinus node recovery time was 
the interval separating the last atrially paced A wave 
from the first sinus A wave that followed, minus the 
mean sinus cycle length. Sinoatrial conduction time 
(ms) was measured by Narula's method!5; constant 
atrial pacing was performed at a rate slightly faster 
(<10 beats/min) than the control sinus rhythm for a 
train of 8 consecutive beats. The sinoatrial conduction 
time was the difference between the postpacing sinus 
recovery time and the sinus cycle immediately after 
the recovery cycle. The refractory periods of the con- 
duction pathways were measured by the premature 
stimulation technique: premature stimuli (82) were 
initiated after every 8-paced complex (81) (basic pac- 
ing rate—100 beats/min). The $1-S2 coupling interval 
was then gradually shortened by 10-ms decrements 
until the refractory period was reached. The following 
refractory periods were determined (ms): Atrial effec- 
tive refractory period (ms)—the longest 81-82 interval 
not followed by atrial depolarization; atrioventricular 
node effective refractory period (ms)—the longest A1- 
A2 interval not followed by a His potential (A1 and A2 
being the atrial potentials on the His electrogram in 
response to 81 and $2, respectively]; atrioventricular 
node relative refractory period (ms)—the shortest H1- 
H2 interval (H1 and H2 being the His potentials in 
response to 81 and 82, respectively); His-Purkinje rel- 
ative refractory period (ms)—the longest H1-H2 inter- 
val followed by a ventricular potential, either with an 
H2-V2 interval greater than H1-V1 or with an aberrant 
QRS complex; and ventricular effective refractory pe- 
riod (ms)—the longest 81-S2 interval not followed by 
ventricular depolarization. The QT intervals were 
measured on the surface electrocardiogram lead Dir. 

Administration of rilmenidine and measurement 
time points: The study was conducted over 48 hours in 
the hospital. After an overnight fast from 21.00 hours 
the previous evening (without coffee or tobacco), pa- 
tients received a single dose of rilmenidine in the 
morning of the study, after intracardiac catheters had 
been positioned. They were allowed a light meal 4 
hours after dosing. Rilmenidine was administered in 
0.2% phosphate salt solution, as the base, diluted in a 
glass of water at a dose of 25 or 50 ug/kg body weight. 

Three studies were designed: In the first group of 
patients, evaluation of hemodynamic and electrophys- 
iologic effects after administration of rilmenidine, 25 
ug/kg; in a second group, evaluation of hemodynamics 
after administration of 50 ug/kg; and in a third group, 
evaluation of electrophysiology after administration of 
50 ug/kg. 

Hemodynamic parameters were measured before 
and 2 hours after administration of the 50 ug/kg dose, 
and at more frequent intervals (15, 30, 45, 60 and 90 
minutes and 2, 3, 5, 8 and 10 hours) after administration 
of the 25-ug/kg dose. Electrophysiologic parameters 
were measured before and 2 hours after administra- 
tion of 25 and 50 ug/kg. 

Statistical analysis: Hemodynamic parameters 
were evaluated by a 2-way analysis of variance (sub- 
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TABLE!  Hemodynamic Effects of Rilmenidine Two Hours After Oral Administration of 25 ug/kg 
(n = 8) or 50 ug/kg (n = 8) 


25 ug/kg 50 ug/kg 

Before 2 Hours Before 2 Hours 

Admin. After Admin. After 
HR (beats/min) 7206 725 69+3 67+3 
SBP (mm Hg) 1644+ 8 135 > 12^ 170+6 136 + 4° 
DBP (mm Hg) 98+6 84+ 4! 107 +4 89 + 4° 
ISR (dynes s-cm~5-m?) 3,593 + 499 3,569 + 554 2,837 + 131 2,983 + 159 
MPAP (mm Hg) 13 + 0.84 13 = 1 Tid 1 10+ 1 
PCP (mm Hg) — — 6.69 + 0.95 4.94+ 1.14! 
Cl (ml-min«m ?) 310 310 4+0 3 + 0! 
SV (ml-syst" ') 81+ 10 754 14 96 +7 77 X6! 
SI (ml-syst" '-m ?) 43 4 40 t7 54103 43 + 41 


* p <0.01; ! p «0.05 vs TO; ! p «0.001. 

Values are expressed as mean + standard error of the mean. 

Admin. = administration; Cl = cardiac index; DBP = diastolic blood pressure; HR = heart rate; ISR = indexed 
systemic resistance; MPAP — mean pulmonary arterial pressure; PCP — pulmonary capillary pressure; SBP — systolic 
blood pressure; SI = stroke index; SV = stroke volume. 


ject X time). In the event of a significant time effect, 
considered as a treatment effect, time points were 
compared in pairs using the Newman-Keuls test for 
multiple comparisons. Electrophysiologic parameters 
before and 2 hours after administration were com- 
pared using Student paired t test. Each test was 2- 
tailed, with the p value set at 0.05. Values were ex- 
pressed as mean + standard error of the mean. 


Results 


Twenty-four patients with a mean supine systolic 
BP of 170.9 + 3.9 mm Hg and a mean supine diastolic 
BP of 106.4 € 2.8 mm Hg were included and divided 
into 3 groups of 8 patients: 1 group received 25 ug/kg of 
rilmenidine for simultaneous electrophysiologic and 
hemodynamic studies (group I); the remaining 2 groups 
received 50 ug/kg of rilmenidine, 1 for hemodynamic 
studies only (group II), the other for electrophysiologic 
studies only (group III). 

Group characteristics were as follows: group I—5 
men and 3 women, mean age 46.6 + 4.3 years (range 23 
to 60), mean weight 73.9 + 4.4 kg (range 52 to 94), mean 
dose of rilmenidine = 1.88 + 0.11 mg (range 1.3 to 2.4); 
group II—4 men and 4 women, mean age 52.1 + 3.3 
years (range 41 to 69), mean weight 77.3 + 4.4 kg (range 
60 to 95), mean dose of rilmenidine = 3.85 + 0.24 mg 
(range 3.0 to 4.8); and group III—6 men and 2 women, 
mean age 51.4 + 3.4 years (range 39 to 64), mean weight 
78.4 + 3.0 kg (range 64 to 88), mean dose of rilmenidine 
= 3.90 + 0.15 mg (range 3.2 to 4.4 mg). 

Three patients receiving 50 ug/kg reported moder- 
ate drowsiness. No other lateral effect was observed. 

Hemodynamic effects of rilmenidine two hours 
after oral administration of 25 or 50 „g/kg (Table I): 
Administration of 25 ug/kg was followed by significant 
reductions in systolic and diastolic BP (—29.0 mm Hg 
[18%] and —13.6 mm Hg [1474]), respectively, and by 
nonsignificant reductions in HR, CI and SV. Adminis- 
tration of 50 ug/kg was followed by significant reduc- 


tions in systolic and diastolic BP (—33.8 mm Hg [20% | 
and —18.1 mm Hg [17% ]), respectively, and in CI and 
SV (—22% and —20%), respectively; pulmonary capil- 
lary pressure was also significantly decreased. 

Hemodynamic effects of rilmenidine over 10 
hours after administration of 25 „g/kg (Fig. 1): Ril- 
menidine significantly decreased systolic and diastolic 
BP 2 hours after administration. Hypotensive activity 
was greatest between 3 and 6 hours after administra- 
tion with maximal decrease in systolic/diastolic BP at 
the fifth hour (—42.0/—19.1 mm Hg). The hypotensive 
activity remained significant at the last measurement 
10 hours after administration, with a decrease of sys- 
tolic/diastolic BP of —36.0/—17.9 mm Hg. There was 
no significant change in HR over the 10 hours after 
administration. The change in CI was not statistically 
significant. CI decreased transiently during the first 2 
hours with a maximal decrease of 11% (difference not 
significant [NS]) at 45 minutes and then increased 
(+17%, NS after 5 hours) and remained above initial 
values until the final measurement (+9%, NS after 10 
hours) Indexed peripheral vascular resistance also 
followed a biphasic pattern: an initial increase (+11%, 
NS at 45 minutes), was followed by a decrease that 
lasted until the end of the study (10 hours) (—40%, p 
«0.05 after 5 hours; —30%, NS after 10 hours). 

Electrophysiologic effects of rilmenidine two 
hours after oral administration of 25 or 50 ug/kg (Ta- 
ble II: Rilmenidine had no effect on any electro- 
physiologic parameters at either test dose. Five of the 
patients who received 50 ug/kg had conduction distur- 
bances on enrollment (5 cases of first-degree atrioven- 
tricular block associated with complete right bundle 
branch block in 3 cases); none had exarcerbation as a 
result of treatment. 


Discussion 


The antihypertensive effect of a substance can be 
achieved by a decrease in cardiac output or peripheral 
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FIGURE 1. Hemodynamic effects of rilmenidine over 10 hours after 
oral administration of 25 g/kg (n = 8). Values are mean + stan- 
dard error of the mean. CI = cardiac index; DBP = diastolic blood 
pressure; HR — heart rate; ISR — indexed systemic resistance; SBP 
= systolic blood pressure; *p «0.05; **p «0.01 vs before adminis- 
tration (variance analysis and Newman-Keuls test). No significant 
variation in heart rate and cardiac index. 


resistance, or both, the latter being raised in most pa- 
tients with essential hypertension.!!!? The hemody- 
namic effects of antihypertensive agents of the a;-ago- 
nist class can vary considerably.^!? Though peri- 
pheral resistance is reduced by chronic clonidine ther- 
apy,!^!? the main hemodynamic effect responsible for 
antihypertensive activity, after single oral administra- 
tion, is a reduced cardiac output.!9 This effect is, itself, 
the result of a reduced HR and SV. Decreased sympa- 
thetic and increased parasympathetic stimulation of 
the heart is thought to account for the bradycardic 
effect of clonidine, whereas the reduced ejection vol- 
ume appears to result from a reduction in preload due 
to decreased sympathetic activity to the vascular bed." 

A single dose of rilmenidine decreased systolic and 
diastolic BP and had biphasic effects on CO and pe- 
ripheral resistance. Cardiac output decreased shortly 
after administration. At the same time, pulmonary cap- 
illary pressure decreased and peripheral resistance 
tended to increase, though not significantly. All these 








TABLE | Electrophysiologic Effects of Rilmenidine Two Hours 
After Oral Administration of 25 ug/kg (n = 8) or 50 ug/kg (n = 8) 
25 ug/kg 50 ug/kg 
Before 2 Hours Before 2 Hours 
Acmin. After Admin. After 
HR (beats/min) 72245 7205 63 3 64 +2 
AH (ms) 92 t7 93 € 8 154+ 18 159 + 18 
HV (ms) 41r 1 43 t 1 44 T2 4443 
V (ms) 86 t7 88+ 8 109 + 10 109 + 10 
W (beats/min) 16447 1504+ 5 174+ 10 170+6 
CSNRT (ms) 233 + 48 220 + 31 200 + 32 271+ 56 
SACT (ms) 179 + 32 179+ 31 — — 
AERP (ms) 200 -9 211239 205 + 11 198 + 10 
AVNERP (ms) 310 + 22 310 + 24 304 + 32 286 + 25 
AVNRRP (ms) 460 + 22 460 + 14 398 + 21 389 + 15 
HPRRP (ms) 381 + 32 388 + 29 — — 
VERP (ms) 213 + 22 222 + 26 203 + 5 206+ 5 





Values are expressed as mean + standard error of the mean. No significant 
modification (Student paired t test). Admin. = administration; AERP = atrial 
effective refractory period; AH = atrio-His conduction time; AVNERP = 
atrioventricular node effective refractory period; AVNRRP = atrioventricular 
node relative refractory period; CSNRT = corrected sinus nodal recovery time; 
HR = heart rate; HPRRP = His-Purkinje relative refractory period; HV = His— 
ventricular conduction time; SACT = sinoatrial conduction time; V = intraven- 
tricular conduction time; VERP = ventricular effective refractory period; W = 
Wenckebach point. 


changes took place without a significant change in HR. 
The initial reduction in CO and SV appears therefore 
secondary to the reduction in preload (pulmonary cap- 
illary pressure). This mechanism has been postulated 
for clonidine, which has been shown to affect venous 
capacity in both humans? and animals,!? possibly 
through central inhibition of sympathetic transmission 
to the venous capacitance bed.!? 

The modest increase in peripheral resistance could 
occur in parallel with the decrease in CO through di- 
rect peripheral vasoconstriction by a-adrenoceptor 
stimulation.!? The possibility that rilmenidine may 
have a direct negative inotropic effect explaining the 
decrease in CO cannot be considered owing to the 
decrease in pulmonary capillary pressure, which is an 
indirect indication of left ventricular end-diastolic 
pressure. 

All data recorded from the second hour after ad- 
ministration concern the 25-ug/kg dose. Peripheral re- 
sistance after a transient and nonsignificant increase 
decreased significantly (-40% after 5 hours) and re- 
mained below basal levels until the end of the study 
(—30% after 10 hours). In parallel, CO after a transient 
and nonsignificant decrease increased, though nonsig- 
nificantly (+17% after 5 hours) and continued to ex- 
ceed basal levels until the final measurement was 
made (+10% after 10 hours). These results suggest that 
after a transient decrease in CO, the decrease in BP is 
accounted for by & decrease in peripheral resistance. 
This supports the hypothesis that the mechanism in- 
volved is peripheral arterial vasodilation. 

Clonidine would appear to have no effects on car- 
diac electrophysiology in humans,’ though some in- 
vestigators have reported contrasting results’? and 
clinical data have been reported suggesting careful 
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follow-up when clonidine is given to a patient present- 
ing with cardiac conduction disease.!9-? Negative 
chronotropic activity is, however, generally observed 
with clonidine in animals? in relation to a sympatho- 
lytic?! and vagotonic” effect. The administration of 25 
or 50 ug/kg of rilmenidine had no significant effect on 
HR, sinus function, intracardiac conduction times, or 
on atrial, nodal or ventricular refractory periods. 

In conclusion, single oral doses (25 and 50 ug/kg) of 
rilmenidine have prompt and long-lasting hypotensive 
effects that last for at least 10 hours. The mechanism of 
the acute hypotensive effects involves a transient de- 
crease in CO, probably secondary to an increased ve- 
nous capacitance bed and a longer lasting decrease in 
peripheral resistance. Rilmenidine has no effect on 
HR and cardiac electrophysiology. 
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Noninvasive Study of Cardiac Structure and Function 
After Rilmenidine for Essential Hypertension 


ALIX N'GUYEN VAN CAO, MD, BERNARD LEVY, MD and ROBERT SLAMA, MD 


The hemodynamic effects of rilmenidine (S 3341) 
were evaluated noninvasively by aortic Doppler ve- 
locimetry, M-mode echocardiography and phono- 
cardiography in hypertensive patients treated for 28 
days. 

After a 2-week placebo run-in period, patients 
with mild hypertension (group |, n = 8, mean dia- 
stolic blood pressure [BP] = 97.18 + 0.65 mm 
Hg) received 1 mg of rilmenidine each morning and 
patients with moderate hypertension (group Il, n = 
6, mean diastolic BP = 107.62 + 1.18 mm Hg) re- 
ceived 1 mg twice daily. 

The hemodynamic variations in both groups after 
the first administration (day 1) showed that during 
the first 3 hours, mean arterial pressure and cardiac 
index (CI) were significantly reduced, whereas total 
peripheral resistance (TPR) was increased. From 


R ilmenidine (S 3341) is a new a» agonist that reduces 
blood pressure (BP) by decreasing the sympathetic 
tone.! Such an antihypertensive drug decreases the BP 
level by acting upon its 2 components: cardiac output 
(CO) and total peripheral resistance (TPR). The acute 
oral administration of clonidine is accompanied by a 
CO reduction associated with a simultaneous reduc- 
tion of heart rate (HR) and stroke volume.^? TPR is 
diminished during chronic administration of cloni- 
dine.* This study evaluates by noninvasive methods 
the acute and chronic hemodynamic effects of rilmen- 
idine in patients with mild or moderate hypertension. 


Methods 


Patients: Patients of either gender, aged 21 to 65 
years, with stable mild or moderate hypertension as 
shown by a 2 week run-in period with placebo (from 
days minus 14 to 0), were included in 2 groups with 
reference to their supine diastolic BP on day 0: group I, 
mild hypertensive patients with a supine diastolic BP 
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the third to the fifth hour, the decrease in mean ar- 
terial pressure was maintained, Cl was higher than 
initial values and TPR decreased, indicating a per- 
sistent vasodilator effect. On day 28, hemodynamic 
variations were similar but of a lower amplitude. 

Before administration on day 28, a significant de- 
crease in systolic and diastolic BP was observed, 
demonstrating that the antihypertensive activity of 1 
mg was maintained for 24 hours, with a significant 
reduction in TPR and no modification of CI or stroke 
index. The M-mode and phonocardiographic left 
ventricular function indexes remained unchanged. 

Rilmenidine has a prolonged antihypertensive ac- 
tivity with a chronic vasodilator effect and no nega- 
tive inotropic effect. 


(Am J Cardiol 1988;61:72D-75D) 


between 95 and 104 mm Hg were included; group II, 
moderate hypertensive patients with a supine diastolic 
BP between 105 and 115 mm Hg were included. 

In group I, patients received 1 mg of rilmenidine 
once a day in the morning and in group II patients 
received 1 mg of rilmenidine twice a day. The patients 
were treated for 28 days in both groups, from day 1 to 
28. 

All patients were in sinus rhythm and were treated 
with no other antihypertensive drugs including di- 
uretics. 

Measurements: The hemodynamic effects of ril- 
menidine during the 5 hours after administration were 
studied by aortic Doppler velocimetry and Dinamap 
for automated sphygmomanometric BP measure- 
ments. On days 1 and 28, measurements were per- 
formed at the following times: before the administra- 
tion of 1 mg of rilmenidine (Time 0) and 1 (T1), 2 (T2), 3 
(T3) and 5 hours (T5) after drug administration. The 
following parameters were determined: systolic, dia- 
stolic and mean arterial pressure (MAP), HR, cardiac 
index (CI), stroke index (SI) and TPR. 

The aortic Doppler velocimetry method applied in 
this study was previously described and validated. 
The aortic blood flow velocities were recorded in the 
ascending aorta by a suprasternal approach with an 
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Alvar Doppler system and a 4-Mhz KB Aerotech trans- 
ducer. The patient was at rest in a supine position. A 
built-in laboratory fast Fourier transform analyzer al- 
lowed the on-line calculation of the mean aortic veloc- 
ity. CO was calculated instantaneously as the product 
of the stroke volume by HR, where the stroke volume 
is equal to the product of the mean systolic blood ve- 
locity by the midsystolic aortic diameter. For each 
Doppler measurement, cardiac cycles were averaged 
during 10-second recordings. SI and CI were, respec- 
tively, the stroke volume and CO corrected for body 
area. TPR was computed as follows: TPR = MAP/CI. 
In these hypertensive patients with no heart failure, 
the mean right atrial pressure was considered as neg- 
ligible, thus explaining the above simplified TPR 
formula. | 

The persistance of the antihypertensive effect of 
rilmenidine 24 or 12 hours after administration was 
evaluated on the 28th day of treatment by sphygmo- 
manometric BP measurements (phase V Korotkoff). 
The systolic and diastolic BP values used for analysis 
were each the mean of triplicate determinations at 1- 
minute intervals. Measurements were performed im- 
mediately before the administration of the drug at time 
0 on day 1 (24 hours after the last placebo tablet) and on 
day 28. On day 28 at time 0, 24 hours had passed after 
the last administration of 1 mg of rilmenidine in group 
I and 12 hours in group II. 

Left ventricular function and mass were assessed 
by M-mode echocardiography and phonocardiogra- 
phy. Measurements were performed on days 0,1 and 
28, 3 hours after the administration of placebo (day 0) 
or of 1 mg rilmenidine (days 1 and 28). The recordings 
were made at rest using an IREX II M-mode echocar- 
diograph and a Mingograph 62 phonocardiograph. 
The measured phonocardiographic parameters were 
the systolic time intervals: left ventricular ejection 
time, preejection period and Weissler index equal to 
the following ratio— preejection period/left ventricu- 
lar ejection time.’ According to the recommendations 
of the American Society of Echocardiography,? the M- 
mode parameters studied were the following: the end- 
diastolic and end-systolic left ventricular diameters, 
the fraction shortening of the left ventricular diameter, 
the end-diastolic septal and posterior wall thickness, 
the left ventricular mass using the formula validated 
by Devereux and Reichek? and the midsystolic diame- 
ter of the aorta at the orifice level. For each echocar- 
diographic or phonocardiographic measurement, 3 
cardiac cycles were averaged. 

Routine laboratory investigations were performed 
before inclusion and on day 28. A 12-lead electrocar- 
diogram was recorded on days 0 and 28. 

Statistical analysis: Data were expressed as mean 
+ standard error of the mean. Comparison of means 
were made with a 2- or a 3-way analysis of variance 
completed with a Newman-Keuls test in the event of a 
significant time effect. 


Results 


After a 2-week placebo period, 14 hypertensive pa- 
tients were included: group I—8 patients (mean age 
41.8 + 4.1 years [range 27 to 57] and a mean diastolic 


TABLE! Hemodynamic Effects of Rilmenidine During Five Hours 
After Administration 


Hours 
Days TO 13 T2 T3 T5 
Group | (n = 8) 
MAP 1 111 104° 102* 104* 98* 
(mm Hg) 28 99 100 96 94* 96 
HR 1 76 70 68* 66* 69* 
(beats/min) 28 69 65! 64* 63* 64* 
CI 1 2.8 2.4* 2.2" 2.3* 3.0 
(literssmin tm?) ^ 28 3.1 2 2.6! 2.71 3.2 
SI Noe Seep 33 35 43 
(ml-syst" m?) 28 45 41 40 42 . 51 
TPR 1 41 46 50t 51t 36 
(IU) 28 34 39 40* 39 33 
Group Il (n = 6) 

MAP 1 116 110! 105* 104* 99* 
(mm Hg) 28 ^ 110 107 103! = 103° 104! 
HR 1 74 72 69 68 68 
(beats/min) 28 68 63 64 63 66 
CI 1 2.7 2.5 2.3 2.0! 2.8 
(liters-min"*-m^?) — 28 2.7 2.4 2.4 2.3 2.6 
SI 15,97 35 33 29 41 
(ml-syst^ «m ?) 28 41 39 38 37 40 
TPR 1 44 46 47 57 37 
(IU) 28 | 43 47 45 50 43 


* p <0.01 vs TO (variance analysis); * p «0.05. 
Cl = cardiac index; HR = heart rate; MAP = mean arterial pressure; Si = 
stroke index; T = time; TPR = total peripheral resistance. 


BP of 97.18 + 0.65 mm Hg); group II—6 patients (mean 
age 43.8 + 2.4 years [range 37 to 53] and a mean diastol- 
ic BP of 107.62 + 1.18 mm Hg). During the 2-week 
placebo period preceding inclusion, hypertension was 
stable. 

Hemodynamic effects of rilmenidine during the 
five hours after administration: After the first admin- 
istration of 1 mg of rilmenidine (day 1) (Table I), MAF 
was significantly reduced in groups I and II, from the 
first measurement (T1: 1 hour after administration) tc 
the last measurement (T5: 5 hours after administra- 
tion). The decrease in MAP was maximal at T5 in 
group I (12.62 mm Hg) and group II (—17.33 mm Hg) 
No significant variation in SI was observed. From T€ 
to T3, initial hemodynamic variations were as follows 
decrease in CI (—22% in group I at T2, p «0.01; —26% 
in group II at T3, p <0.05), decrease in HR (—13% ir 
group I at T3, p «0.01; —8% in group II, difference no 
significant ), increase in TPR (+26% in group I at T3, Į 
«0.05; +28% in group II at T3, difference not signifi. 
cant]. Then at T5, the CI returned to initial values 
whereas TPR decreased. 

After 28 days of treatment (Table I), the hemody: 
namic variations were similar but of a lower amplitude 
for CI (maximal decrease of 15 and 16%, respectively 
in groups I and II) and for TPR. 

Hemodynamic effects of rilmenidine 24 or 1: 
hours after administration evaluated on the 28th da: 
of treatment: Before drug administration (T0) the sys 
tolic and diastolic BP was significantly lower on day 21 
in comparison with BP on day 1 for both groups, indi 
cating that rilmenidine had a chronic antihypertensive 
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TABLE l| Hemodynamic Effects of Rilmenidine 24 or 12 Hours After Administration Evaluated on 








the 28th Day of Treatment 
Group | (n = 8) Group Il (n = 6) 
Day 1 TO Day 1 TO 
(Before First Day 28 TO (Before First Day 28 TO 
Administration of (24 Hours After Administration of (12 Hours After 

| Rilmenidine) Last Administration) Rilmenidine) Last Administration) 
| SBP (mm Hg) 15344 140 + 4* 156 4 3 148 4 3* 

DBP (mm Hg) 97 t 1 87 +3" 103 + 2 94+ 1! 

MAP (mm Hg) 111.3: 2 99 + 3° 116+ 2 110+ 1 

HR (beats/min) 76+4 69 + 3° 7443 68 + 4 

CI (liters-min^ '«m ?) 2.8 + 0.2 3.1+ 0.3 27102 2.7 0.2 

SI (ml-syst~ '-m ?) 38 +4 45 4 37 t4 41+5 

TPR (IU) 41+3 34 + 4° 44 3 43 t4 





* p <0.05 vs TO (variance analysis); ! p «0.01. 
DBP = diastolic blood pressure; SBP = systolic blood pressure; other abbreviations as in Table |. 








TABLE Ill Left Ventricular Function (M-Mode and Phonocardiographic Parameters) 
Group | (n = 8) Group II (n = 6) 
Day 0 Day 1 Day 28 Day 0 Day 1 Day 28 
| EDD (mm) 47 € 1 48 + 1 48 + 1 5122 50 + 2 50 + 2 
ESD (mm) 31+1 31+1 30 + 1 32+2 32+ 1 32+2 
FS (%) 37+2 35 +1 36 t 1 38 + 2 37+2 36 + 2 
LVET (ms) 291+ 8 301+6 309 + 8 285 + 10 290 + 11 285 + 12 
PEP (ms) 11213 11944 12515 12144 118 +4 120 + 4 
PEP/LVET (%) 0.39 + 0.01 0.40 + 0.01 0.41 +0.02 0.43+0.02 041+0.02 0.43 + 0.02 
EDST (mm) 1040 100 100 10 0 100 1040 
| EDPWT (mm) 910 910 940 940 90 910 





Investigations were performed 3 hours after placebo (Day 0), after the first 1-mg dose (Day 1) and after the last 1-mg 
dose (Day 28); no significant difference was observed for any parameters (analysis of variance). 

EDD = end-diastolic diameter; EDST = end-diastolic septal thickness; EDPWT = end-diastolic posterior wall 
thickness; ESD = end-systolic diameter; FS = fraction shortening; LVET = left ventricular ejection time; PEP = 


preejection period; PEP/LVET = Weissler index. 


effect in patients with mild and moderate hyperten- 
sion (Table II). This effect was present 24 hours after 1 
mg of rilmenidine administration in group I and 12 


hours in group II. This chronic antihypertensive effect 


| 


| 
] 


| 


| 
| 
| 
| 
| 
| 
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was associated with a significant decrease in TPR and 
HR in group I. However, for both groups there was no 
statistical difference in CI and SI between days 1 and 


. 28 before drug administration. 


Echocardiographic findings: The left ventricular 


. function, assessed 3 hours after placebo (day 0) or 1 mg 


of rilmenidine administration (on days 1 and 28], by 
the systolic time intervals and the M-mode fraction 


_ shortening, was in the normal range, with no statistical 


difference for both groups between days 0, 1 and 28 
(Table III). The end-diastolic left ventricular diame- 
ters and wall thickness were in the normal range at DO, 
indicating that there was no left ventricular hypertro- 
phy before treatment in the 2 groups. There was no 
statistical difference between days 0, 1 and 28 (Table 
III). 


Discussion 


In this study, antihypertensive effects of rilmeni- 
dine were maintained after 1 month of treatment in 


mild or moderate hypertension at the respective doses 
of 1 mg once a day in the morning and 1 mg twice a day. 
The 1-mg dose of rilmenidine continued to be effective 
after 24 hours in decreasing BP and TPR without modi- 
fying CI or SI. 

Three hours after administration of 1 mg of rilmeni- 
dine, reduction of MAP, HR, and CI without modifica- 
tion of SI were shown. TPR increased at the same time, 
probably in relation with postsynaptic « stimulation. 
At the fifth hour after administration, MAP was still 
significantly reduced while CI returned to initial val- 
ues and TPR decreased. After administration, the 
same immediate hemodynamic effects were observed 
on day 28 but with less amplitude in CI, indicating that 
cardiac hemodynamics were less involved during 
chronic administration. The previous studies with 
clonidine had a shorter follow-up after acute adminis- 
tration.24 Intravenous guanfacine!? has been shown to 
have the same acute antihypertensive action: an initial 
reduction in CI, followed by an increase above its 
control level at the third hour, with a simultaneous 
reduction in TPR. Thus, the immediate antihyperten- 
sive action of rilmenidine is mainly mediated by a 
reduction of the sympathetic tone with an initial de- 
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crease of CO followed by a decrease in TPR. The 
chronic antihypertensive effect of rilmenidine is asso- 
ciated with a decrease in TPR, with no modification in 
CI and SI. The prolonged antihypertensive action of 
rilmenidine may be explained by a vasodilator effect 
as suggested by the hemodynamic measurements. The 
absence of a significant reduction in SI gives evidence 
against a negative inotropic effect of rilmenidine on 
the heart. The unchanged shortening of left ventricu- 
lar fraction and systolic time intervals between days 0 
and 28 are in accordance with this statement. In previ- 
ous studies with methyldopa, a left ventricular mass 
decrease was observed after at least 6 weeks of antihy- 
pertensive treatment.!! In this study, the absence of 
ventricular hypertrophy on day 0 and the short dura- 
tion of the treatment could explain the lack of modifi- 
cations in the left ventricular mass by the end of 
treatment. 

In conclusion, 1 mg/day of rilmenidine is an effec- 
tive antihypertensive administered in a single morning 
dose. With chronic treatment, its antihypertensive ac- 
tion is maintained 24 hours after the last dose. These 
prolonged antihypertensive effects appear to be relat- 
ed to a persistent vasodilator effect with a reduction in 
TPR. Rilmenidine had no negative inotropic effect. 
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Efficacy and Acceptability of Rilmenidine for Mild to 





Moderate Systemic Hypertension 


GÉRARD OSTERMANN, MD, BRIGITTE BRISGAND, MD, JEAN SCHMITT, MD, 
and JEAN-PAUL FILLASTRE, MD 


A double-blind multicenter trial compared rilmeni- 
dine with placebo in the treatment of 126 patients 
with mild to moderate hypertension after a 4-week 
placebo run-in period. Patients with mild hyperten- 
sion (study 1) with mean supine diastolic blood 
pressure (BP) between 95 and 104 mm Hg re- 
ceived either rilmenidine 1 mg/day (n — 31) or pla- 
cebo (n — 35) for 4 weeks. In study 2, patients 
with moderate hypertension (mean supine diastolic 
BP between 105 and 115 mm Hg) received either 
rilmenidine 1 mg twice a day (n = 30) or placebo 
twice a day (n — 30) for 4 weeks. 

All 61 patients taking rilmenidine completed the 
study; 8 of the 65 patients taking placebo were 
withdrawn because of an increase in BP. Rilmeni- 
dine significantly reduced mean systolic and diastol- 
ic BP compared with placebo in both studies. BP 


was normalized (systolic <160 mm Hg and diastol- 
ic <90 mm Hg in 61% of the patients taking ril- 
menidine as opposed to 23% of those taking place- 
bo (p <0.001). There was no significant difference 
in the incidence of either dry mouth or daytime 
drowsiness between rilmenidine, 1 mg/day, and 
placebo. Dry mouth was significantly more frequent 
with rilmenidine, 2 mg/day, than with placebo, but 
this difference was transient and no longer signifi- 
cant at the end of the study. No unexpected ad- 
verse effects occurred. Rilmenidine as single thera- 
py appears to be effective and well accepted in the 
management of mild to moderate hypertension, in 
particular at the 1-mg/day dose, which normalized 
8496 of mild hypertensive patients and did not in- 
duce any significant adverse effects compared with 
placebo. (Am J Cardiol 1988;61:76D-80D) 





R ilmenidine is an o;-adrenoceptor agonist that is an 
oxazoline derivative. Although the antihypertensive 
effect of o; agonists has been well documented, ? 
their use as first-line therapy has been limited because 
of adverse effects associated with their central mode 
of action, in particular dry mouth and drowsiness, 
which can impair compliance.®*? Rilmenidine has 
been shown to decrease blood pressure (BP) as effec- 
tively as clonidine after single administration, but with 
significantly less adverse effects at equipotent doses." 

The following multicenter placebo-controlled dou- 
ble-blind trial was performed over a 1-month treat- 
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ment period to evaluate the efficacy and acceptability 
of rilmenidine in a clinical context. 


Methods 


Study design: A randomized double-blind parallel 
group trial was conducted in 7 hypertension units. 
Outpatients aged older than 21 years were entered if 
they had mild to moderate essential hypertension with 
a supine diastolic BP between 95 and 115 mm Hg 
(mean of 3 recordings, phase V) after a 4-week run-in 
period taking placebo. Evidence of secondary, malig- 
nant or accelerated hypertension excluded patients, as 
did cardiac failure (New York Heart Association 
stages III or IV), progressive angina pectoris, recent 
myocardial infarction or stroke, second- or third-de- 
gree heart block not permanently paced, serum creati- 
nine greater than 180 umol/liter, hepatic insufficiency, 
severe progressive illness, treatment with monoamine 
oxydase inhibitors or tricyclic antidepressants. Wom- 
en who were pregnant or in whom pregnancy was 
possible were excluded. Informed consent was ob- 
tained from all patients. 

Patients were seen at 2 weekly intervals (weeks 
minus 4, minus 2, 0, 2 and 4) by the same observer 


76D 


n 


throughout the study. At the initial evaluation (week 
minus 4), clinical history and a complete physical ex- 
amination were recorded. All antihypertensive thera- 
py was stopped, and placebo capsules identical in ap- 
pearance to the study drugs were given in single-blind 
procedure at a dose of 1 tablet/day each evening for 4 
weeks. Patients were seen on 2 other occasions (weeks 
minus 2 and 0) to establish the presence of stable es- 
sential hypertension. 

At the end of this first placebo period, eligible pa- 
tients entered the second phase, i.e., a double-blind 
placebo-controlled 4-week treatment period. This 
phase consisted of 2 studies, which depended on the 
supine diastolic BP values at week 0. 

In study 1, patients with mild hypertension (supine 
diastolic BP range 95 to 104 mm Hg) were included to 
randomly receive either rilmenidine, 1 mg/day, or pla- 
cebo, 1 capsule/day, in the evening for 4 weeks. 

In study 2, patients with moderate hypertension 
(supine diastolic BP range 105 to 115 mm Hg) were 
included to randomly receive either rilmenidine, 1 mg 
twice daily (i.e., 2 mg/day) or placebo, 1 capsule twice 
daily, for 4 weeks. Rilmenidine and placebo capsules 
were identical in appearance. 

Separately balanced randomization schedules 
were used for each of the participating centers in stud- 
ies 1 and 2. Dosage was not altered during the 4-week 
double-blind phase to ensure group homogeneity 
within each study. 

Therapy could be withdrawn at any time during the 
study in case of an increase in BP. The use of any drug 
known to have an effect on BP was not allowed during 
the course of the trial. Patients were excluded from the 
study analysis because of the following reasons: fail- 
ure to take the treatment or to comply with the dosage 
schedule for reasons unrelated to treatment and pa- 
tients lost to follow-up before the end of the study. 
Patients who had to withdraw before the end of the 
study because of serious adverse effects or an increase 
in BP were included in the analysis of the results as 
treatment failures. 

Measurements: At each visit, blood pressure was 
taken using a standard mercury sphygmomanometer. 


TABLE! Main Characteristics of Patients at Week 0 





Study 1 Study 2 
Rilmenidine Placebo Rilmenidine Placebo 
Group Group Group Group 
be AINSI CENE OL Sa Wik LIU v Dg ate RT Um 
No. of pts 31 35 30 30 
Male 16 13 15 11 
Female 15 22 15 19 
Age (yr) 53 £3 58 +2 56 + 2 59 +2 
(range) (27-82) (23-80) (30-76) (42-81) 
Weight (kg) 71+2 7112 75 £3 75 X2 
(range) (51-103) (48-102) (48-101) (51-91) 
Supine SBP (mm Hg) 163 + 3 163 + 2 178+3 T7252 
(range) (128-200) (137-197) (143-220) (153-195) 
Supine DBP (mm Hg) 99 + 1 99 + 0 110 1 1101 
(range) (95-103) (95-104) (104-115) (105-115) 


ELE ee E E E Es 20 n A Ee EO TAER E CS AE 
Data are expressed as mean + standard error of the mean. 
DBP = diastolic blood pressure; SBP = systolic blood pressure. 
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After 10 minutes of rest, supine BP was measured 3 
times, 1 minute apart. After 2 minutes of standing, BP — 
was again measured 3 times. Heart rate (HR) was also — 
measured in both the supine and erect positions by ; 
auscultation over 1 minute. Hypertensive symptoms - 
(headache, neurosensory disturbances) were elicited — 
by systematic questioning. Weight was measured at - 
each visit. Adverse reactions were investigated by 
both clinical examination and laboratory investiga- - 
tions. At each visit, symptoms were elicited by open — 
questioning and all reported symptoms were recorded. | 
In addition, known adverse effects of centrally acting 
drugs were systematically investigated at each visit by 
specific questions on dry mouth, sedation, constipa- - 
tion, sleep disturbances and depression. Each symp- - 
tom was evaluated and graded according to a 5-point - 
scale of increasing severity from 0 to 4 taking into - 
account the intensity, duration and frequency of the — 
symptom. During the placebo wash-out phase, — 
at week minus 2 and at the end of the study (week 4), 
a 12-lead electrocardiogram was recorded and urinal- — 
ysis, hematologic studies (hemoglobin, hematocrit, - 
blood count and differential white cell count) and se- | 
rum biochemistry (fasting serum glucose, sodium, po- — 
tassium, chloride, calcium, uric acid, cholesterol, tri- 
glycerides, urea, creatinine, aspartate transaminase, 
alanine transaminase, gamma glutamyl transpepti- - 
dase, alkaline phosphatase and total protein) were 
performed. TE 
Statistical analysis: Two-way analysis of variance - 
(time X treatment) was used to compare changes in BP, - 
HR, weight, hematologic/biochemical and electrocar- — 
diographic parameters between rilmenidine and pla- - 
cebo groups. Chi-square tests were used to compare - 
the number of patients in each group achieving opti- — 
mal BP control after 4 weeks of therapy. Goal BP was _ 
defined as: (1) normalized patients—supine systolic BP ~ 
«160 mm Hg and supine diastolic BP <90 mm Hg; and. 
(2) responders— decrease in supine diastolic BP of ated 
least 10 mm Hg from baseline values. Chi-square tests — 
or Fischer exact tests were used to compare adverse - 
effects between groups. Two tailed statistical tests 
were used with a 5% level of significance. 7 
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TABLE l| Study 1 (Mild Hypertension): Blood Pressure and Heart 
Rate at the End of the Placebo Run-In Period (Week 0) and 
Throughout the Double-Blind Period with Rilmenidine (n — 31) and 
with Placebo (n — 35) 

| | Week 0 Week 2 Week 4 
— | , 4 Supine Blood Pressure and Heart Rate 


— 
‘SBP (mm Hg) 





. Ril(1 mg) 163 4 3 146 € 3 144 € 3 
. Placebo 163 + 2 160 + 3° 154 + 3! 
DBP (mm Hg) 

. Ril (1. mg) 99 4 1 89 + 1 86 + 1 
.. Placebo 99+ 0 97 + 2° 92 + 2° 
} HR (beats/ min) 

. Ril (1 mg) 7342 71+2 7142 
as Placebo 78+ 2 7942 78 £2 
| OM Erect Blood Pressure and Heart Rate 

SBP (mm Hg) 

. Ril(1 mg) 163 4 3 150 £3 14643 

.. Placebo 163 +3 160 + 3! 155 + 3! 

.DBP (mm Hg) 

.. Ril (1 mg) 101 4 1 92 4 1 89 + 1 

. Placebo 102 4 1 100 + 2* 96 + 2° 
HR (beats/min) 

.. Ril (1 mg) 78 € 3 76 € 2 7742 

Placebo 8442 84+ 2 84+ 2 


22008 UL CURT CEN 
* p < 0.001; ! p «0.01; + p «0.05; rilmenidine vs placebo. For the placebo 

- group, the analysis at week 4 did not include the 3 patients withdrawn after 

_ Week 2 because of an increase in blood pressure. 

_ Values are expressed as mean + standard error of the mean. 

DBP = diastolic blood pressure; HR = heart rate; Ril = rilmenidine; SBP = 

_ systolic blood pressure. 


TABLE Ill Study 2 (Moderate Hypertension): Blood Pressure and 
Heart Rate at the End of the Placebo Run-In Period (Week 0) and 
Throughout the Double-Blind Period with Rilmenidine (n — 30) and 
Placebo (n = 30) 


|] 
i 
t 





Week 0 Week 2 Week 4 





| Supine Blood Pressure and Heart Rate 


| SBP (mm Hg) 








Ril (2 mg) 188 +3 160+ 3 156+ 3 

Placebo 177 +2 174+ 3° 171+ 3° 

DBP (mm Hg) 
Ril (2 mg) 110 + 1 98 + 2 9442 

Placebo 110 + 1 107 + 2° 106 + 2° 

HR (beats/min) 

Ril (2 mg) 7542 7142 68 + 2! 
Placebo 77 12 77 + 2! 77 £3 
; | Erect Blood Pressure and Heart Rate 
. SBP (mm Hg) 
| Ril(2mg 17643 156 +3 15444 
|. Placebo 17742 173 + 4° 169 + 3! 

DBP (mm Hg) 
.. Ril(2 mg) 112+ 1 100 + 2 96 + 2 
=- Placebo 112 € 1 110 + 2° 107 + 2° 
. HR (beats/min) 
Ril (2 mg) 7942 7742 74 X2 
Placebo 83 +2 81242 84 + 3! 





— * p <0.001; t p < 0.01; t p <0.05; rilmenidine vs placebo. For the placebo 
. group, the analysis at week 4 did not include the 5 patients withdrawn after 
. week 2 because of an increase in blood pressure. 

[et Values are expressed as mean + standard error of the mean. 


e 


. . DBP = diastolic blood pressure; HR = heart rate; Ril = rilmenidine; SBP = 
. systolic blood pressure. 
" TE 
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Results 


Patients: One hundred and twenty-eight patients 
were randomly assigned to receive rilmenidine or pla- 
cebo. Two patients were excluded from the analysis of 
data: 1 because of malignant hypertension and the 
other because of drop-out for family reasons unrelated 
to treatment. Data were therefore analyzed in 126 pa- 
tients who met the entry criteria to study 1 (n = 66) or 
study 2 (n = 60). Of the 66 mild hypertensive patients in 
study 1, 31 were randomly assigned to rilmenidine and 
35 to placebo. Of the 60 moderate hypertensive pa- 
tients in study 2, 30 were randomly assigned to rilmen- 
idine and 30 to placebo. 

The groups were well matched in regard to base- 
line characteristics in each study (Table I). All rilmeni- 
dine-treated patients completed the study. In contrast, 
3 and 5 placebo-treated patients were withdrawn in 
studies 1 and 2, respectively, after 2 weeks of treatment 
because of a clinically unacceptable increase in BP. 

Changes in blood pressure and heart rate: Study 1: 
After 4 weeks of therapy, the mean reductions in su- 
pine systolic and diastolic BP (19/13 mm Hg) in the 
rilmenidine-1 mg group were significantly greater (p 
«0.05 and p «0.001) than the respective decreases in 
the placebo group (9/7 mm Hg). At 2 weeks, rilmeni- 
dine induced a significant reduction in supine and 
erect BP compared with placebo and a further reduc- 
tion was observed after 4 weeks (Table II). BP was 
reduced to within normal limits in 84% of patients 
taking rilmenidine compared with 37% of patients tak- 
ing placebo (p <0.001) (Table IV). In addition, more 
patients were responders with rilmenidine (777), 
achieving a satisfactory diastolic BP decrease of at 
least 10 mm Hg than did patients taking placebo (31%; 
p <0.001) (Table IV). 

Study 2: Rilmenidine, 2 mg, significantly reduced 
both supine and erect BP compared with placebo (Ta- 
ble III). After 4 weeks of therapy, mean reductions in 
supine systolic and diastolic BP were 22/16 mm Hg 
with rilmenidine compared with 5/5 mm Hg with pla- 
cebo (p <0.001). BP was normalized in 37% of patients 
taking rilmenidine compared with 7% taking placebo 
(p <0.01) (Table IV). The number of responders was 
73% with rilmenidine compared with 20% with place- 
bo (p <0.001) (Table IV). 

The incidence of hypertensive symptoms signifi- 
cantly decreased during therapy in rilmenidine groups 
compared with placebo groups. In patients treated 
with rilmenidine, 1 mg, the incidence of dizziness was 
reduced from a pretreatment value of 9/31 (29%) to 2/ 
31 (6%) after 4 weeks vs 13/35 (37%) to 10/30 (30%) 
with placebo (p «0.05 between groups). In patients 
treated with rilmenidine, 2 mg, the incidence of head- 
aches was reduced from 14/30 (47%) to 4/30 (13%) vs 
16/30 (53%) to 10/25 (40%) with placebo (p «0.05 be- 
tween groups). 

The only significant modification in mean HR was 
observed in the rilmenidine, 2 mg, group (decrease of 
6.5 beats/min with rilmenidine vs 0.1 beats/min with 
placebo in supine HR at week 4, p «0.01). Response to 
erect posture was maintained. No clinical evidence 
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was found of orthostatic hypotension. Only 1 patient 
taking rilmenidine, 2 mg, had a decrease greater than 
30 mm Hg between supine and erect systolic BP (30.7 
mm Hg at week 2) without any clinical symptoms. 
There were no significant changes in standard electro- 
cardiographic parameters. No individual electrocar- 
diographic abnormalities appeared during treatment. 

Acceptability: The incidence of adverse effects 
(Fig. 1 and 2) elicited by systematic direct questioning 
did not differ significantly with rilmenidine or place- 
bo, apart from a transient dry mouth at week 2 in the 
rilmenidine, 2 mg, group. The incidence of drowsiness 
with rilmenidine and placebo was not significantly 
different throughout both studies. When either of 
these adverse effects was present, its severity was 


TABLE IV Number of Patients in Whom Blood Pressure (BP) was 
Normalized (Supine Systolic BP «160 mm Hg and Diastolic BP 
<90 mm Hg) or Who were Responders (Decrease in Supine 


Diastolic BP = 10 mm Hg) 
MIEL ALI Bras e ME Eq E V ri 





Study 1 Study 2 Total 
BP Normalization 
Rilmenidine 26/31 (8496) 11/30 (37 96) 37/61 (6196) 
* T = 
Placebo 13/35 (37 %) 2/30 (7%) 15/65 (23%) 
ceo UE REL PENI AE SES SES ONE SE BS AM Dt NS VOL P as 
Responders 
Rilmenidine 24/31 (77%) 22/30 (73%) 46/61 (75%) 
* t * 
Placebo 11/35 (3196) 6/30 (2096) 17/65 (2696) 





* p «0.001; ! p «0.01; rilmenidine vs placebo. 


Wl (imenidine 1 mg 








STUDY 1 [t] placebo 
% 
15 NS NS 
10 NS 
5 
1 231 | 2535 4/32 
week 0 week 2 week 4 
% — * 
9 — 
STUDY 2 s rilmenidine 2 mg 
35 [. ] placebo 
30 
25 
20 
15 
10 
5 
0 





week 2 week 4 


slight in both groups. In addition, the 2 groups did not 
differ significantly in incidence of symptoms sponta- 


neously reported by patients. Other adverse effects 


reported during treatment were rare (Table V) and no 
drop-out occurred because of adverse effects. 
There was no significant modification in mean 


weight during the course of the trial. No significant Y 


changes in any hematologic or biochemical parame- 


ters were observed within each group, or between the _ 


rilmenidine and the placebo groups. Analysis of indi- 
vidual values showed that no abnormalities occurred 
during treatment. 


Discussion 


The hypotensive activity of rilmenidine has been 
previously demonstrated in pharmacodynamic studies 
using single administration compared with placebo 
and clonidine.'° The aim of the present study was to 


demonstrate the efficacy of rilmenidine as monother- - * 


TABLE V Other Adverse Effects Reported During Therapy 
——— M— id EA NE 


Study 1 Study 2 
Ril (1 mg) Placebo Ril (2 mg) Placebo 
(n = 31) (n = 35) (n = 30) (n = 30) 


Palpitations 
Gastralgia 
Constipation 
Insomnia 
Anxiety 
Asthenia 
Loss of libido 
Pruritus 


O=- OONM= OC = 
ooooccoco a 
oo 000 
—OoOo000r75 CO 





Ril = rilmenidine. 


% STUDY 1 





week 4 





E rilmenidine 2 mg 
96 STUDY 2 

[ ] placebo 
20 


15 





FIGURE 2. Incidence of drowsiness (96). Total effective values — 
inside the columns: number of patients reporting drowsiness. NS — "1 
not significant. - 


FIGURE 1. Incidence of dry mouth ( 96 ). Total effective values inside 
the columns: number of patients reporting dry mouth. NS — not 
significant; **p «0.01 rilmenidine vs placebo. 
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apy in a clinical context. The trial was therefore un- 
. dertaken in a population of outpatients from hyperten- 
sion units, who were considered to be representative 
. of the general population likely to benefit from antihy- 
_ pertensive treatment. The selected duration of treat- 
ment was 1 month. This appeared both long enough to 
. evaluate the antihypertensive effects of an o; agonist 
_ and short enough to avoid the ethical drawback of 
. prolonging ineffective treatment in the event of pa- 
tients receiving placebo or inadequate doses of ril- 
menidine. This design allowed for the maintenance of 
an unchanged dose throughout the month of con- 
_ trolled treatment, irrespective of the result obtained, 
and thus to evaluate, in the best methodologic condi- 
_ tions, the efficacy and acceptability of each dosage. 
— — [n this study, rilmenidine appears to be both effec- 
. tive and well accepted in the treatment of mild to 
. moderate essential hypertension. Compared with pa- 
. tients taking placebo, rilmenidine achieved a signifi- 
cantly greater reduction in BP. A higher percentage of 
rilmenidine-treated patients attained therapeutic goal: 
61% of patients taking rilmenidine achieved a supine 
systolic BP «160 mm Hg and a supine diastolic BP <90 
mm Hg, as opposed to 23% taking placebo (p <0.001). 
Furthermore, 75% of patients treated with rilmenidine 






. were responders (defined as having a reduction in 


supine diastolic BP 210 mm Hg) as opposed to 26% of 


. responders taking placebo (p <0.001). These results 





reflect those observed with most antihypertensive 


agents, regardless of the therapeutic class." 


= Because this study followed a double-blind place- 
bo-controlled design, it was possible to assess clinical 
acceptability. Systematic direct questioning was used 
to elicit classic centrally mediated side effects. Unlike 
other o? adrenoceptor agonists,»55.19.15 rilmenidine ap- 
pears to be associated with a very low incidence of 
adverse effects, which is certainly advantageous in 
promoting compliance in hypertensive patients. Asso- 
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ciated drowsiness has been a major contributing factor 


. to the decreased use of these drugs.!? In contrast, in 


this study, no patient discontinued therapy because of 
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adverse effects and the only adverse effect of note was 
a mild and transient dry mouth, observed at 2 mg/day. 
Furthermore rilmenidine failed to induce significant 
drowsiness compared with placebo. 

In conclusion, rilmenidine has been shown to be an 
effective BP-lowering agent with highly satisfactory 
clinical acceptability. If these findings are substantiat- 
ed in other trials, rilmenidine may play a useful role in 
the management of essential hypertension. 
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A Multicenter Double-Blind Comparative 
Study of Rilmenidine and Clonidine 
in 333 Hypertensive Patients 


JEAN-PAUL FILLASTRE, MD, BRICE LETAC, MD, FERNAND GALINIER, MD, 
GERARD LE BIHAN, MD, and JEAN SCHWARTZ, MD, PhD 


The efficacy and acceptability of rilmenidine were 
Studied in a double-blind clonidine-controlled multi- 
center trial; after a 4-week placebo run-in period, 
patients with supine diastolic blood pressure (BP) 
between 95 and 115 mm Hg received as monother- 
apy either rilmenidine or clonidine over 6 weeks. 
The initial dose (rilmenidine 1 mg/day or clonidine 
0.15 mg/day) was doubled (1 mg or 0.15 mg twice 
a day, respectively) after 2 weeks if diastolic BP 
remained 290 mm Hg. 

Three hundred and thirty-three patients (mean 
age 57.8 + 0.7 years) with a systolic BP of 170.53 
+ 0.92 mm Hg and a diastolic BP of 101.57 + 
0.30 mm Hg were randomly divided into 2 homoge- 
nous groups (rilmenidine, n — 162 and clonidine, n 
= 171). All patients taking rilmenidine completed 
the trial. Seventeen patients taking clonidine (10%, 
p <0.01 vs rilmenidine) were withdrawn because of 
severe side effects. Systolic and diastolic BP were 


| BRR aT therapy has been considerably im- 
proved in recent years, allowing efficient treatment 
of most hypertensive patients. Among the available 
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significantly reduced in both groups at every exami- 
nation (at 2, 4 and 6 weeks). The mean decreases 
in supine and erect BP were identical in both 
groups: systolic BP 19 mm Hg and diastolic BP 12 
mm Hg after 6 weeks. BP was normalized (systolic 
BP «160 and diastolic BP 90 mm Hg) in 5796 of 
patients taking rilmenidine and 5696 of patients tak- 
ing clonidine (6096 of normalized patients had been 
taking the single dose in both groups). At equihypo- 
tensive doses, rilmenidine induced 2 to 3 times less 
dry mouth (p <0.001), daytime drowsiness (p 
<0.01) and constipation (p <0.001) than clonidine 
and with a weaker intensity. Other adverse effects 
were rare, with a similar incidence in both groups. 
Rilmenidine and clonidine are equally effective in 
reducing BP. However, rilmenidine failed to induce 
the expected incidence and intensity of classic ad- _ 
verse effects seen with œ, agonists. — 
(Am J Cardiol 1988;61 :81D-85D) 


drugs, centrally acting o; agonists have been used suc- 
cessfully in severe hypertension and hypertensive cri- 
sis as well as in mild to moderate hypertension.!-? 
However, most investigators suggest that their use 
should be confined to second-line treatment of hyper- 
tension because of the high incidence of central side 
effects.*5 

Rilmenidine or S 3341, is a novel o;-agonist antihy- 
pertensive agent. Its potent antihypertensive efficacy 
has been shown in animals9-? and in humans: In con- 
trast to clonidine, rilmenidine appears to have central 
side effects, particularly sedation, only at high doses 
and doses greater than those necessary to treat most 
patients.’ 

The aim of this study was to compare the efficacy 
and the acceptability of rilmenidine and clonidine, 
given as single therapy over 6 weeks in the treatment 
of mild to moderate hypertensive patients. A multi- 
center double-blind parallel trial was performed in 
order to compare both drugs. 
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Methods 


l- 


i 


.. Patients and study design: Men and women older 
_ than 21 years, with mild to moderate essential hyper- 
| participated in this study. Women with child-bearing 
; potential, patients with unstable, severe or secondary 


tension (supine diastolic BP from 95 to 115 mm Hg) 


_ hypertension, atrioventricular block exceeding first 
- degree and not permanently paced, angina pectoris, 
severe heart failure (New York Heart Association 
stages III or IV), hepatic failure, renal insufficiency 
— (with serum creatinine 7180 umol/liter) or any severe 
. or progressive disease were excluded. Furthermore, 
_ patients requiring medication that could interfere with 
P the evaluation of clinical efficacy were excluded. All 
. patients gave informed consent in accordance with the 
. Declaration of Helsinki and Tokyo. 
= The trial was conducted as a multicenter (15 cen- 
. ters) double-blind parallel study comparing rilmeni- 
— dine and clonidine. It began with an initial 4-week 
- placebo run-in period during which all antihyperten- 
sive medications were withdrawn and patients were 


TABLE! Characteristics of Patients 





Rilmenidine Clonidine 
| (n — 162) (n = 171) 
0o oo Sle eS Se Re: a a ee EAA 
Age (yr) 
Mean + SEM 58+ 1 58+ 1 
Range 24-88 26-86 
Sex 
Male 82 101 
Female 80 70 
Weight (kg) 
Mean + SEM 79 X1 Titi 
B5 Range 42-100 42-99 
. Duration of known SH 
| * «1 year 47 47 
| 21 year 115 121 
. . Previously treated for SH 89 100 
= Baseline severity of SH 
Mild SH (DBP 95-104 mm Hg) 119 112 
—— Moderate SH (DBP 105-115 mm Hg) 43 59 





DBP = diastolic blood pressure; SEM = standard error of the mean; SH = 


| systemic hypertension. 


| TABLE I! . Blood Pressure Time Profiles 


, | (n) Day 0 
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instructed to take 1 placebo capsule/day. Patients 
were examined 3 times during the placebo phase (on 
the first visit, after 2 weeks, and at the end of the fourth 
week = day 0) to establish the presence of stable, pla- 
cebo-resistant essential hypertension. Eligible patients 
were then, on day 0, entered into a 6-week controlled 
phase and received randomly assigned treatment: ril- 
menidine (1 mg/day) or clonidine (0.150 mg/day) given 
in the evening in capsules of identical appearance. 
Patients were seen after the second (day 14), fourth 
(day 28) and sixth (day 42) week. Treatment was adjust- 
ed on day 14—rilmenidine 1 mg twice daily or cloni- 
dine 0.150 mg twice daily if supine diastolic BP re- 
mained 290 mm Hg. Patients were examined by the 
same person throughout the entire course of the study. 

Measurements and investigations: Supine BP was 
recorded after 10 minutes of rest and erect BP after 2 
minutes of standing. The mean of 3 BP readings 1 
minute apart was used. BP was measured using a stan- 
dard mercury sphygmomanometer. Diastolic BP was 
recorded as the point of disappearance of the Korot- 
koff sounds (phase V). Heart rate was measured by 
auscultation for 1 minute after measurement of the 
supine and erect BP. 

At each visit, systematic direct questioning was 
used to study the adverse effects classically observed 
with o agonist therapy: dry mouth, drowsiness, distur- 
bances of concentration or mood, sleep disturbances 
and constipation. Investigators graded each symptom 
on a scale of increasing severity from 0 to 5, taking into 
account intensity, duration and frequency of symp- 
toms (0 = no symptom; 1 = mild, fleeting symptom, 
occurring once only; 2 = slight nontransient symptom, 
occurring 2 or 3 times; 3 = definite, persistent or recur- 
rent symptom; 4 — very severe or virtually permanent 
symptom; and 5 = symptom justifying withdrawal 
from the study). Additional complaints and spontane- 
ous comments were recorded. 

During the run-in period, a resting 12-lead electro- 
cardiogram was recorded and full blood count, urinal- 
ysis, assays of fasting serum glucose, sodium, potas- 
sium, chloride, calcium, uric acid, cholesterol, triglyc- 
erides, urea, creatinine, aspartate aminotransferase, 
alanine transferase, gamma glutamyl transpeptidase, 


Between-Group 

Day 28 Day 42 Difference 
153 + 1° 1ST 12 NS 
153 t 1* 159 t£ 1° 

90 * 1* 89 + 1° NS 

89+ 1° 89+ 1* 
153 = 2° 150 + 2° NS 
154.12" 151 «-2* 

93 + 1^ 91+ 1° NS 

91+ 1° 90 + 1* 


ee en ——  ——— 


D 

mie 

E Supine SBP RIL (162) 170 + 1 
pt (mm Hg) CLO (153) 17212 
M Supine DBP RIL (162) 1015 1 
de (mm Hg) CLO (153) 10240 
eee Erect SBP RIL (161) 168 + 1 
(mm Hg) CLO(152 17042 
a Erect DBP RIL (161) 103 + 1 
; (mmHg) ^ CLO(152 10341 
t 

| 


* p <0.01 in comparison with day 0 (within group analysis). 


| E systolic blood pressure. 


Values are expressed as mean + standard error of the mean. 
CLO = clonidine group; DBP = diastolic blood pressure; NS = not significant; RIL = rilmenidine group; SBP = 
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alkaline phosphatase, total protein, and antinuclear 
antibody titer were obtained. In addition, ophthalmo- 
logic monitoring with Schirmer test, central retinal ar- 
tery pressure, ocular fundus and slit-lamp examina- 
tion was performed. These tests were repeated at the 
end of the controlled treatment period. 

Statistical analysis: The rilmenidine and clonidine 
groups were tested for homogeneity on day 0 by a 1- 
way analysis of variance or chi-square test. Antihyper- 
tensive efficacy was evaluated for systolic and diastol- 
ic BP values on days 0, 14, 28 and 42, assessing time 
profiles within each group (time X subject analysis of 
variance and Newman-Keuls test) and comparing 
both groups (treatment X time analysis of variance]. 
Tests were 2-tailed with the p value set at 0.05. Results 
are expressed as mean + standard error of the mean. 
Patients who withdrew or complained of adverse ef- 
fects or had BP normalized (supine systolic BP «160 
mm Hg and diastolic BP <90 mm Hg) were compared 
using chi-square test or Fischer exact test. Mean 
grades of adverse effects were compared using the 
Mann-Whitney test. 


Results 


Population: Of the 341 patients enrolled in the 
study, 8 could not be included in the analysis because 
they had not complied with all phases or methods of 
the study (6 patients taking rilmenidine, 2 taking cloni- 
dine). None of these 8 patients had severe side effects. 

Of the 333 patients included in the analysis, 162 
were in the rilmenidine group, 171 in the clonidine 
group. Their main clinical characteristics are listed in 
Table I. Both groups were comparable and homoge- 
nous for gender, age, weight, BP values and history of 
hypertension. Of these 333 patients, all patients taking 
rilmenidine completed the trial. Seventeen patients 
taking clonidine (10%, p «0.01 in comparison with 
the rilmenidine group) were withdrawn because of 
severe side effects and 1 patient because of progres- 
sive hypertension that led to the diagnosis of pheo- 
chromocytoma; these 18 patients were excluded from 
the analysis of efficacy but included in the analysis of 
acceptability. 


TABLE Ill Number of Patients with Normalized Blood Pressure 
(BP) (Supine Systolic BP <160 mm Hg and Diastolic BP <90 mm 
Hg) 








Day 14 Day 28 Day 42 
RIL n = 64 n = 80 n=92 

(40%) (49%) (57%) 
CLO n= 55 n= 81 n= 85 

(32%) (51%) (56%) 
Between group NS NS NS 


difference 





CLO = clonidine group; DBP = diastolic blood pressure; NS = not signifi- 
cant; RIL = rilmenidine group; SBP = systolic blood pressure. 


Antihypertensive efficacy: The time profiles of 
mean BP values showed no significant difference be- 
tween groups (Table II). The mean reduction in supine 
systolic/diastolic BP reached 11/8 mm Hg with ril- 
menidine and 14/10 mm Hg with clonidine on day 14 
after 2 weeks of once-daily administration. From day 
14 to the end of the study, the dose was doubled in 95 
(59%) patients taking rilmenidine and 94 (57%) taking 
clonidine. After 6 weeks of treatment (single or double 
dose), supine systolic/diastolic BP decreases were 19/ 
12 mm Hg with rilmenidine and 19/13 mm Hg with 
clonidine. The goal (systolic BP «160 and diastolic BP 
<90 mm Hg) was achieved in 92 (57%) patients taking 
rilmenidine and 85 (56%) taking clonidine on day 42 
(Table III). Among the patients whose BP was normal- 
ized, 60 and 57% taking rilmenidine and clonidine, 
respectively, were treated with the single dose. 

The incidence of hypertensive symptoms and their 
intensity showed a similar reduction in both groups, 
from day 0 to 42 (Table IV). 

Among the 91 patients aged older than 65 years (41 
taking rilmenidine and 51 clonidine}, when comparing 
groups or in comparison with the patients younger 
than 65 years, no significant difference was observed 
in the percentage of patients treated with the single 
dose or in the percentage of patients whose BP was 
normalized. 

Adverse effects: In the clonidine group, 17 patients 
(10%), 5 of whom were receiving the single dose, were 





TABLE IV _ incidences (96) and Mean Grades of Hypertensive Symptoms 
Day 0 Day 14 Day 28 Day 42 
Headache B. 
ceucc- i Moni METTE IL UT APT uS CON RCM MED ST OE RE ie A i RENI S vh uc 
RIL Incidence 43 96 26 96 2596 20 96 
(n — 162) Mean grade 0.6 + 0.1 0.4+ 0.1 0.4 + 0.1 0.3 € 0.1 
CLO Incidence 42% 30% 23% 19% 
(n = 171) Mean grade 0.7 t 0.1 0.4 + 0.1 0.4 + 0.1 0.3 + 0.1 


Neurosensory Disturbance 
c ES oce Sa c Rad "X ee TUS ee Um o ar SON C 


RIL Incidence 40% 

(n = 162) Mean grade 0.6+ 0.1 
CLO Incidence 42% 

(n = 171) Mean grade 0.6+ 0.1 


20% 
0.3 + 0.0 
23% 
0.3 + 0.1 


20% 
0.3 + 0.0 
19% 
0.3 + 0.1 


22% 
0.3 + 0.0 
32% 
0.4 + 0.1 


TARE ASS ARO MAAR AE E S E a S SN 1 BE S URS 1T ntm; P^ 
Incidence is the percentage of the patients presenting hypertensive symptoms in the rilmenidine group (RIL) and in 


the clonidine group (CLO). Mean grades are expressed as mean + standard error of the mean of the grades of all the 
patients (grades 0 to 5); no significant difference between both groups. 
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B4D A SYMPOSIUM: RILMENIDINE—A NOVEL ALPHA; AGONIST ANTIHYPERTENSIVE AGENT 


withdrawn because of severe side effects (grade 5), i.e., 
severe dry mouth (14 patients), drowsiness (8 patients), 
depression (2 patients), major disturbances of concen- 
tration and mood (1 patient) and impotence (1 patient). 
No withdrawal was observed in patients taking ril- 
menidine. The overall incidence of dryness of mouth 
and drowsiness and their mean grade profiles are 
shown in Figure 1. Dry mouth and drowsiness were at 
least twice less frequent and less severe in those taking 
rilmenidine than clonidine (Fig. 2). These differences 
were statistically significant. Similar results were 
found for constipation (noted in 5% taking rilmenidine 
vs 17% taking clonidine, p «0.001). Disturbances of 
concentration and mood were rare in both groups and 
never severe in those taking rilmenidine. Other ad- 
verse effects (sleep disorders, digestive disorders, cu- 
taneous effects) were very rare and similar in both 
groups with an incidence similar to that observed in 
patients taking placebo. Two cases of sexual dysfunc- 
tion and 2 cases of depression were observed in pa- 
tients taking clonidine. Fatigue was more frequent and 
severe in patients taking clonidine than those taking 
rilmenidine (11 vs 4, respectively, difference not sig- 
nificant). 

Acceptability of rilmenidine was not influenced by 
the age of patients. In contrast, dry mouth and drowsi- 
ness were more frequent during clonidine therapy in 
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FIGURE 1. Incidence (percent) and intensity (mean grade) of dry 
mouth with rilmenidine and clonidine. Incidence is the percentage 
of the patients presenting a dry mouth in the rilmenidine group (n = 
162) and in the clonidine group (n — 171): ***p «0.001 between 
groups (chi-square test). On day 42, these data do not include 12 
patients withdrawn from the study because of dry mouth. Mean 
grades are calculated from the patients complaining of dry mouth 
- (grade 1 to 5): **p «0.01, ***p «0.001 between groups (Mann- 
. Whitney test). NS = not significant. 


patients younger than 65 years than in patients 65 years 
and older who were taking mostly clonidine, 0.150 mg. 

Individual analysis of the response to erect posture 
with rilmenidine showed that 2 patients (taking ril- 
menidine 2 mg) had a difference between standing 
and supine systolic BP higher than 30 mm Hg, but 
without any clinical symptom of orthostatic hypoten- 
sion. Similar findings were observed in 4 patients re- 
ceiving clonidine (0.300 mg/day), of which 1 was 
symptomatic (severe asthenia). Heart rate decreased in 
both groups: mean decrease of 2.8 beats/min with ril- 
menidine vs 4.5 beats/min with clonidine (difference 
was not significant between groups). Mean electrocar- 
diographic parameters remained unchanged in both 
groups and individual analysis showed no significant 
variation. Ophthalmologic surveillance revealed a 
parallel decrease in central retinal artery pressure 
during both treatments; the Schirmer test was not sig- 
nificantly modified. Safety of both drugs was assessed 
by biochemical and hematologic parameters. 


Discussion 


This controlled parallel study confirms the antihy- 
pertensive efficacy of rilmenidine given as single ther- 
apy in mild to moderate hypertensive patients. The 
BP-lowering effects of rilmenidine (1 or 2 mg/day) 
were shown to be identical to those of clonidine (0.150 
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FIGURE 2. Incidence (percent) and intensity (mean grade) of 
drowsiness with rilmenidine and clonidine. Incidence is the percent- 
age of the patients presenting drowsiness in the rilmenidine group 
(n = 162) and in the clonidine group (n = 171): *p <0.05, **p 
<0.01 between groups (chi-square test). On day 42, these data do 
not include 7 patients withdrawn from the study because of drowsi- 
ness. Mean grades are calculated from the patients complaining of 
drowsiness (grades 1 to 5): *p <0.05 between groups (Mann- 
Whitney test). NS = not significant. 
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or 0.300 mg/day). Both drugs induced the same de- 
crease in supine or erect systolic and diastolic BP, after 
2 weeks as well as after 6 weeks of treatment; the 
numbers of patients in whom the goal (systolic BP 
<160 and diastolic BP <90 mm Hg) was achieved were 
comparable in both groups (57% with rilmenidine vs 
56% with clonidine), with similar percentages in pa- 
tients whose BP was normalized with a single daily 
dose (60 vs 57% of the patients with BP within normal 
limits). Furthermore, dosage was doubled to the same 
extent in both rilmenidine and clonidine groups (59 vs 
55%, respectively). These results allowed the compari- 
son of the acceptability of both treatments at equipo- 
tent doses. It is well acknowledged that antihyperten- 
sive treatment must rely on well tolerated drugs, 
because most of the available drugs have been proved 
effective in patients with high BP. This is particularly 
true in moderate and especially in mild hypertension, 
because most often patients are free of symptoms and 
good compliance of a well tolerated medication is the 
most prominent factor for long-term success.!9?.!! 

However, all the pharmacologic classes of antihy- 
pertensive agents induce adverse effects that can de- 
crease patient's compliance. Diuretics and 8 blockers 
lead to metabolic and general side effects.!213 Treat- 
ment with angiotensin-converting enzyme inhibitors is 
sometimes difficult in case of renal failure or renovas- 
cular disease.'4 Flushes, headaches or constipation are 
often found with calcium antagonists.1° 

Centrally acting drugs have a number of advan- 
tages. Their antihypertensive efficacy has been well 
demonstrated, irrespective of the form and severity of 
the hypertension.':!6 They do not induce significant 
variation in metabolic parameters nor in glomerular 
filtration rate and renal plasma flow, and they have no 
serious effect on the heart.!7 Furthermore, if it is true 
that sympathetic system hyperreactivity plays an im- 
portant role in the development and maintenance of 
essential hypertension,'® the use of centrally acting 
drugs would appear a logical approach to its treatment. 
However, their administration, particularly in the 
first-line treatment of mild to moderate hypertension, 
is controversial because of their central side effects, 
mainly drowsiness and dryness of mouth.!?2? These 
adverse effects are directly linked to the mechanism of 
action of these drugs and seem to be due to stimulation 
of central a adrenoceptors.21:22 

The results of this double-blind trial in a large out- 
patient population are in accordance with experimen- 
tal data9? and preliminary pharmacoclinic results®: In- 
cidence and severity of central side effects were lower 
with rilmenidine than with clonidine, at equihypoten- 
sive doses. Significantly less dryness of mouth and 
drowsiness were observed with rilmenidine (at least 
twice less often and severe than with clonidine). 
Moreover, in the clonidine group, 17 patients (10%) 
were withdrawn because of the severity of side effects, 
whereas all the rilmenidine-treated patients remained 
in the study. No severe adverse effects were observed 


in patients taking rilmenidine. Patients were carefully 


followed during the first 6 weeks of administration, 
when adverse effects are the most likely to occur. Ril- 
menidine was well tolerated with a very low incidence 
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of classic a;-agonist central side effects and did not 
induce orthostatic hypotension, even in patients older 
than 65 years. 

A new a agonist with a high level of clinical, elec- 
trophysiologic and biochemical acceptability would be 
useful in hypertensives, even in high-risk patients 
such as the elderly. The results of this study have - 
shown that rilmenidine appears to present the re- — 
quired properties of such an antihypertensive agent. It _ 
now remains to be established whether the efficacy — 
and acceptability of rilmenidine are maintained as - 
first-line therapy in the long term. dx 
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Antihypertensive Efficacy and Acceptability of 
Rilmenidine in Elderly Hypertensive Patients 


PIERRE GALLEY, MD, GERARD MANCIET, MD, JEAN-LUC HESSEL, MD, 
and JEAN PIERRE MICHEL, MD 


Elderly hypertensive patients (older than 70 years, 
with a diastolic blood pressure [BP] between 95 
and 114 mm Hg) were entered into a study after a 
2-week wash-out period and randomized to 2 paral- 
lel groups: rilmenidine (n = 28) and methyldopa (n 
= 30). The initial dose (rilmenidine, 1 mg once dai- 
ly a.m. or methyldopa, 250 mg twice daily) was dou- 
bled (1 mg twice daily or 500 mg twice daily, re- 
spectively) on day 21 if supine diastolic BP 
remained >90 mm Hg. After a 6-week treatment 
period (days 0 to 42, with weekly examinations), 
the effects of treatment withdrawal (day 42) were 
evaluated twice daily (days 43 to 45), with a final 
examination on day 49. 

Most of the 58 patients (70%) (aged 81.5 + 
0.8 years) with a mean diastolic BP of 100.2 + 0.7 
mm Hg remained treated with the initial dose in 
both groups. Efficacy in both groups was identical 
on day 42: decrease in systolic and diastolic BP of 


CHAM or 2 |(dicyclopropylmethyl) amino| 2- 
oxazoline (S 3341), is a novel o; agonist that acts at a 
central level on the vasomotor bulbar centers and at a 
peripheral level preferentially on the prejunctional a? 
adrenoceptors.! The central neuropharmacologic ef- 
fects usually noted with centrally acting drugs are less 
numerous at equihypotensive doses with this com- 
pound than with referénce products? The results 
yielded in the European Working Party on High Blood 
Pressure provided arguments for treating hyperten- 
sion in the elderly.? Cardiovascular and renal changes 
associated with aging are likely to reduce tolerance to 
antihypertensive medication. Postural hypotension, 
confusion and metabolic disorders may be caused by 
treatment of hypertension in the elderly.* The likeli- 
OER CSV RC 
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approximately 18 mm Hg, with 85% of patients 
having BP levels normalized (supine diastolic BP 
<90 mm Hg). Compared with the reference period, 
no increase in adverse effects was noted apart from 
a moderate dryness of mouth in 15% of patients in 
both groups; no orthostatic hypotension was ob- 
served. After discontinuing treatment, mean and 
diastolic BP values in the methyldopa group were 
significantly higher than in the rilmenidine group; a 
withdrawal syndrome (supine diastolic BP greater 
than 120 mm Hg or sympathetic hyperactivity 
syndrome) was found in 1 patient in the rilmeni- 
dine group and in 9 in the methyldopa group 
(p = 0.011). 

Rilmenidine is an effective and well tolerated an- 
tihypertensive agent in the elderly with a good ac- 
ceptability on withdrawal. 


(Am J Cardiol 1988;61:86D-90D) 


ness for the elderly to interrupt treatment because of 
diverse reasons (memory problems, polymedication), 
along with the linked risk of a rebound phenomenon 
makes it necessary to find drugs that are well tolerated 
in elderly hypertensive patients both during treatment 
and after cessation of treatment. Thus, the antihyper- 
tensive efficacy and the acceptability of rilmenidine as 
well as the evolution after cessation of treatment in 
elderly patients were compared with methyldopa. 


Methods 


Patients: The patients were in long-stay care in 2 
geriatric centers. Patients were older than age 70 years, 
of both sexes and presented mild to moderate, recently 
diagnosed or long-standing hypertension. Their su- 
pine diastolic blood pressure (BP) was between 95 and 
114 mm Hg. All patients had a standard reasonable 
sodium diet which was not modified during the course 
of treatment. Patients maintained their normal activi- 
ties throughout the study. 

The following patients were not included if they 
had labile hypertension, accelerated or malignant hy- 
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pertension, antihypertensive treatment that could not 
be withdrawn, a serious medical complaint, hepatic or 
renal disease, congestive heart failure, recent or evolv- 
ing coronary insufficiency, and second- or third-de- 
gree atrioventricular block not permanently paced. 

The patients who did not adhere to the treatment, 
did not take the correct doses, had interrupted treat- 
ment because of a severe increase in diastolic BP »120 
mm Hg, had a clinical or biologic intolerance to the 
drug or were affected by a serious intercurrent illness 
incompatible with remaining in the study are fully 
described in this study. 

Study design: The 6-week treatment period was 
preceded by a 2-week wash-out period (days minus 14 
to 0) during which the patients were weaned from any 
antihypertensive medication, including diuretics, 
even if the latter had been prescribed for a different 
purpose. The weekly consultations (days minus 14, mi- 
nus 7 and 0) checked the stability, the permanence and 
the stage of hypertension. At day 0, day of definite 
inclusion into the study, the patients were randomized 
in each center to 2 parallel groups receiving rilmeni- 
dine or methyldopa. 

Rilmenidine was presented in the form of 1-mg 
tablets. Methyldopa was presented in the form of 250- 
mg tablets. For 3 weeks (days 1 to 21), the patients 
were treated either with 1 mg of rilmenidine once 
daily (1 mg in the morning) or with 500 mg of methyldo- 
pa (250 mg twice daily). On day 21, if the supine dia- 
stolic BP exceeded 90 mm Hg, the daily dose was dou- 
bled. These patients then received either 2 mg/day 
of rilmenidine (1 mg twice daily) or 1 g of methyl- 
dopa (500 mg twice daily). From days 21 to 42, treat- 
ment remained unchanged. On day 42, treatment was 
stopped. 

Over the 3 days after cessation of treatment (days 43 
to 45), patients were evaluated twice a day so that 
antihypertensive treatment could be reinitiated in the 
case of a withdrawal syndrome. This was defined as a 
sudden increase in supine diastolic BP to over 120 mm 
Hg or by the occurrence of severe symptoms evoking a 
sympathetic overactivity (trembling, palpitations, anx- 
iety, insomnia, sweating, nausea, vomiting). The trial 
was concluded on day 49 with a final examination 1 
week after cessation of treatment. 

Each patient was examined by the same physician 
throughout the study. Each examination included a BP 
measurement: systolic and diastolic BP measured in 
the supine position (after 15 minutes recumbency) and 
in the erect position (after 2 minutes standing). The BP 
was measured using the average of 3 readings taken by 
standard indirect sphygmomanometry with the disap- 
pearance of the Korotkoff sounds (phase V) for diastol- 
ic BP. Heart rate was measured in supine and erect 
positions by auscultation. Systematic and directive 
questioning was used to evaluate signs of hyperten- 
sive symptoms and adverse effects (dry mouth, drowsi- 
ness, asthenia, sleep disturbances, psychological dis- 
turbances, digestive disorders, constipation] and, after 
cessation of treatment, any symptoms that could indi- 
cate sympathetic overactivity. Each symptom was 
documented and graded according to its gravity. Re- 
sponse to erect posture was evaluated by tilt test using 
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TABLE! Population Biometric Parameters 
Age Weight Height 
n Female (yr) (kg) (cm) 
Total 58 (47) 82+1 57+1 158 + 1 
(70-96) (35-80) (137-181) 
Rilmenidine 28 (23) 814 1 58 + 2 158+ 2 
(70-91) (35-76) (140-181) 
Methyldopa 30 (24) 82 t 1 5942 158 + 2 
(70-96) (42-80) (137-178) 


All values are expressed as mean + standard error of the mean. 


TABLE I| Cardiovascular Parameters at Day of Inclusion (Day 0) 
SBP (mm Hg) DBP (mm Hg) 
Supine Erect Supine Erect 
Rilmenidine 173 4 1714 101 € 1 103 + 1 
(n — 28) 
Methyldopa 174 12 17303 99 t 1 10112 
(n = 30) 


Values are expressed as mean + standard error of the mean. 
DBP = diastolic blood pressure; SBP = systolic blood pressure. 


a basculating table (performed on days 0, 21 and 42). 
The difference in pressure between the supine and 
erect postures was determined by measuring the pa- 
tient's BP first in the supine position and then 1, 2, 3, 5 
and 10 minutes after the patient had been tilted in the 
vertical position. 

Furthermore a 12-lead electrocardiogram and an 
ophthalmologic examination were performed at the 
beginning and at the end of the controlled treatment 
period. Standard laboratory screens were performed 3 
times during the study: before day 0 and on days 21 
and 42. They included hematologic (red blood cell 
count, hemoglobin, hematocrit, white blood cell count, 
differential, platelet count, prothrombin level) and 
biochemical profiles (serum iron, sodium, potassium, 
chloride, calcium, protein, urea, aspartate aminotrans- 
ferase, alanine transferase, gamma glutamyl transfer- 
ase, alkaline phosphatase, glucose, cholesterol, triglyc- 
erides, creatinine, uric acid). Coombs test and pro- 
lactin levels were also monitored. 

Analysis of data: Data were analyzed for antihy- 
pertensive efficacy, safety and occurrence of with- 
drawal syndrome. Patients eligible for efficacy analy- 
sis included those who completed the active treatment 
period. Antihypertensive efficacy was evaluated ac- 
cording to changes in the mean supine and erect sys- 
tolic and diastolic BP. measurements performed at 
each examination. Systolic and diastolic BP values 
(mean + standard error of the mean) on day 0 and at 
each evaluation were exposed to intergroup and intra- 
group variance analysis. The number of normalized 
patients (supine diastolic BP <90 mm Hg) on day 42 
was compared between each group by the chi-square 
test. 

Safety analysis included all patients. Criteria for 
evaluating the acceptability during treatment were as 
follows: heart rate evaluated from inter- and intra- 
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f 
group variance analysis; clinical adverse experiences 


pulmonary embolism, 1 for private reasons unrelated 
recorded at each consultation; and response to erect 


to treatment, 1 because of exacerbation of preexisting 


posture compared between the 2 groups. The electro- 
cardiographic and laboratory parameters were exam- 
ined using analysis of variance to compare the means 
between the groups and within each group. 
_ The response to cessation of treatment was evaluat- 
| ed by comparing the mean supine systolic and diastol- 
ic BP between the 2 groups on days 43, 44, 45 and 49, 
and comparing the number of patients in each group 
presenting a withdrawal syndrome by a nonparamet- 


psychotic state and 1 for depression), and 1 after cessa- 
tion of treatment because of withdrawal syndrome. 

In the methyldopa group, there were 14 drop-outs: 5 
during the treatment phase (1 death from stroke, 1 
because of a hip fracture, 1 for a hypertensive episode 
with diastolic BP 140 mm Hg, and 1 on day 42 because 
of hypertensive retinopathy) and 9 after cessation of 
treatment between days 43 and 45 for a withdrawal 
syndrome. 


Antihypertensive efficacy: Twenty-four patients in 
the rilmenidine group and 26 patients in the methyl- 
dopa group were evaluated for efficacy. By the first 
examination (day 7), systolic and diastolic BP in the 
supine and erect positions of patients treated with ril- 
menidine and diastolic BP of those treated with meth- 
yldopa were significantly reduced compared with BP 
levels on day 0. However, with methyldopa, systolic 


. ric chi-square test or Fischer exact test. 


Results: 

_ Fifty-eight patients, 11 men and 47 women, mean 
age 81.5 + 0.8 years (range 70 to 96), were included in 
- the study and randomized to 2 parallel groups receiv- 
- ing rilmenidine (n = 28) or methyldopa (n = 30). Both 
groups were homogeneous as far as biometric and car- 


diovascular parameters and medical history were con- 
cerned (Tables I and II). 

Drop-outs: In the rilmenidine group there were 5 
drop-outs, 4 during the treatment phase (1 death from 
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pe FIGURE 1. Mean supine systolic and diastolic blood pressure (SBP- 
DBP) in rilmenidine-methyldopa-treated patients over 6 weeks 
(difference not significant between the 2 groups, analysis of vari- 
. ance). D = days; e— * rilmenidine group (n = 24); O----- D meth- 
.. yldopa group (n = 26); *p «0.05 vs TO (variance analysis within 


BP was only significantly reduced from day 28 in the 
supine position and day 42 in the erect position (Fig. 1 
and 2). On day 21, the decrease in mean systolic and 
diastolic BP in the supine position was 17 and 16 mm 
Hg in the rilmenidine group (1 mg once daily) and 9 
and 11 mm Hg in the methyldopa group (250 mg twice 
daily). In the erect position, the values were 17 and 15 
mm Hg in the rilmenidine group and 12 and 11 mm Hg 
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FIGURE 2. Mean standing systolic and diastolic blood pressure 
(SBP-DBP) in rilmenidine-methyldopa-treated patients over 6 
weeks (difference not significant between the 2 groups, analysis of 
variance). D = days; ¢—e rilmenidine group (n = 24); O-----0 
methyldopa group (n — 26); *p «0.05 vs TO (variance analysis 
within each group); **p «0.01 TO (variance analysis within each 


. each group); **p «0.01 TO (variance analysis within each group). 
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in the methyldopa group. There were no significant 
differences between the 2 groups. 

From day 21, 20 of 28 patients (71% } continued to be 
treated with 1 mg of rilmenidine and 18 of 28 patients 
(64%) with 500 mg of methyldopa. The number of pa- 
tients whose diastolic BP was not normalized and who 
were given a double dose was comparable in the 2 
groups. At the end of the trial (day 42), antihyperten- 
sive efficacy was comparable in both groups. In the 
rilmenidine group, BP in 20 of 24 patients (83%) who 
had been treated for 6 weeks was normalized (supine 
diastolic BP <90 mm Hg); 15 (62%) were given 1 mg of 
rilmenidine and 5 (21%) 2 mg. In the methyldopa 
group, BP in 22 of 26 patients (85%) who had been 
treated for 6 weeks was normalized; 16 (62%) were 
given 500 mg and 6 (23%) 1 g. After 6 weeks of treat- 
ment, supine systolic and diastolic BP had decreased, 


TABLE Ill Response to Erect Posture 





Mean of Erect-Supine 
Difference in SBP 
(mm Hg) Day 0 Day 21 Day 42 
ee an UC 298 0 SRM et 299 OP OE Ee 
Rilmenidine 99.9 E 17 —§:3 = 1.3 +0.4+ 1.2 
Methyldopa —10.0 + 1.7 =E AE 1.1 76.4 4- 1,9 
OBL Ee EE AW Z1 ALANI En HERE CERIS SEC 

Values are expressed as mean + standard error of the mean. 

Response to erect posture was evaluated by tilt test using a basculating 
table. The difference in pressure between the supine and erect postures was 
determined by measuring the patient's blood pressure, first in the supine 
position and then 1, 2, 3, 5 and 10 minutes after the patient had been tilted in 
the vertical position (115 BP determinations were performed in rilmenidine 
group and 125 in the methyldopa group). At the end of the treatment phase (day 
42) in the rilmenidine group, erect systolic BP was greater than supine systolic 
BP. 

SBP = systolic blood pressure. 


respectively, by 20 and 18 mm Hg in the rilmenidine 
group and 17 and 17 mm Hg in the methyldopa group. 
Acceptability during treatment: In contrast to 
methyldopa, heart rate did not vary significantly with 
rilmenidine, both in supine and erect positions; there 
was no significant difference between the 2 groups. 
Patients’ weight remained stable. Response to erect 
posture assessed by tilt test on days 0, 21 and 42 is listed 
in Table III. A case by case analysis showed that, com- 
pared with BP on day 0, systolic BP diminution in the 
erect position exceeded 30 mm Hg in 3 patients treated 
with rilmenidine and in 3 with methyldopa. This vari- 
ation in systolic BP was not associated with any symp- 
toms of orthostatic hypotension. Compared with BP on 
day 0, there was no evolution in the frequency or in- 
tensity of adverse effects observed, apart from dryness 
of mouth, increasing from 10% at day 0 to 25% with 
treatment in both groups. There was no significant 
variation in hematologic, biochemical or electrocar- 
diographic parameters, or in any individual variations 
remaining within physiologic limits. | 
Acceptability on cessation of treatment: Because 
of the drop-outs, the effects of cessation of treatment 
were studied in.24 patients in the rilmenidine group 
and in 25 in the methyldopa group. Both groups were 
homogenous in their BP measurements on days 0 and 
42. After cessation of treatment, the mean systolic and 
diastolic BP in the methyldopa group was significantly 
higherthan in the rilmenidine group on the morning of 
days 43 and 44 and in the evening on day 45 (Table IV). 
Analysis of individual values showed a withdrawal 
syndrome in 1 patient in the rilmenidine group and in 
9 patients in the methyldopa group (p = 0.011). In the 
rilmenidine group, the 1 patient had, on day 44, a dia- 
stolic BP of 122.7 mm Hg with no other symptoms. In 
the methyldopa group, 1 patient had, on day 43, con- 


TABLE IV Mean Supine Systolic and Diastolic Blood Pressure Before Treatment (Day 0), After Six 
Weeks of Treatment (Day 42) and After Cessation of Treatment (Days 43, 44, 45 and 49) 


Days 
Repo rem ruri M CEDERE RR ee EE SIE Tet CREUSE we E Pe, 
43 43 44 44 45 45 
0 42 (A.M.) (P.M.) (A.M.) (P.M.) (A.M.) (P.M.) 49 
Supine SBP (mm Hg) 
Rx c nee oa m, eS ee a es SAP MEUM LU RUNS SEES M MISMA S RO E 
Rilmenidine 17544 15644 15645 16844 15745 168+4 15843 16344 166+ 5 
(n= 24) (n=24) (n=24) (n=24) (n=24) (n= 24) (n= 23) (n = 23) (n= 23) 
* x * 
Methyldopa 17423 15744 17245 17544 17945 17444 16544 18146 174 6 
(n=25) (n=25) (n=25) (n=23) (n= 23) (n= 23) (n=19) (n= 19) (n= 16) 


Supine DBP (mm Hg) 
Sa SEE ce wa LT MC PEE ERU T RACE CORE eS er Es eA LSE TIN M I RESUME. 


Rilmenidine 10141 8322 84-2 942 
(n=24) (n=24) (n=24) (n-24) 

* 
Methyldopa 10041 8343 9243 9243 
(n=25) (n=25) (n=25) (n-23) 


* p <0.05 between the 2 groups. 


843 93 +3 88 13 90 t2 90 3 
(n = 24) (n=24) (n=23) (n=23) (n-293) 
* * 
98+4 94+2 9143 10143 95+3 
(n= 23) (n=19) (n=19) (n=19) (n= 16) 


After cessation of treatment, the mean systolic and diastolic blood pressure was significantly higher in the 
methyldopa group than in the rilmenidine group on day 43 morning, day 44 morning and day 45 evening. The decrease 
in the number of patients was due to withdrawal syndrome (diastolic blood pressure > 120 mm Hg and/or sympathetic 


overactivity symptoms). 


DBP = diastolic blood pressure; SBP = systolic blood pressure. 
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siderable signs of sympathetic overactivity (nausea, 
sweating, trembling, insomnia, palpitations and anxie- 
ty), which improved on reinitiation of treatment. Eight 
patients had, on days 43, 44 or 45, a diastolic BP >120 
mm Hg, which was associated with symptoms of sym- 
pathetic overactivity in all cases but 3. Reinitiation of 
antihypertensive treatment resulted in a BP decrease 
in all cases, and the sympathetic overactivity symp- 
toms disappeared in the 6 clinically symptomatic re- 
bound phenomena after methyldopa withdrawal. 


Discussion 


| This study has demonstrated the antihypertensive 
efficacy and the satisfactory acceptability of rilmeni- 
dine in a fragile elderly population, compared with a 
reference az agonist, methyldopa. Antihypertensive 

fficacy was similar in both groups. In comparison 

ith the pretreatment phase, no aggravation of ad- 

erse effects was noted except for a moderate dry 
mouth of similar incidence in both groups. Response to 
erect posture was not affected by rilmenidine and 
could thus even be better preserved with rilmenidine 
than with other antihypertensive agents. Furthermore 

io change was seen in heart rate. No variation was 
noted in laboratory values. 

. Rilmenidine appears therefore to be well tolerated 
in the elderly. In particular, drowsiness, orthostatic 
hypotension, metabolic disorders were not observed. 
Currently, treatment of hypertension in the elderly 
usually relies on diuretics as a first-line choice.? Their 
safety is satisfactory when adequate clinical and labo- 
ratory monitoring is performed at regular intervals. 
However, this monitoring is often inconvenient for the 
patient and may lead to inadequate compliance.? 8 
blockers are theoretically less attractive in this popula- 
tion because of their less effectiveness and the possi- 
bility of congestive heart failure, bradyarrhythmia or 
bronchoconstriction.? An antihypertensive agent such 
as rilmenidine, with satisfactory acceptability during 
treatment, merits further attention in order to specifi- 
cally examine its effects after cessation of treatment. 

After cessation of treatment, rilmenidine with- 
drawal appeared better tolerated than that of methyl- 
dopa, which is noticeable given that elderly people are 
particularly likely to discontinue treatment. Sudden 
cessation of antihypertensive treatment with an o; ad- 
renergic agonist is sometimes associated with a rapid 
increase in BP accompanied by symptoms that evoke 
adrenergic overactivity."? This is often accompanied 
by a substantial increase in the plasma and urinary 
catecholamines!®" but may involve agonist-induced 
down regulation of a-adrenergic receptor affinity, 
number, or both;?? involvement of the renin-angioten- 
sin system has also been debated.!? The true incidence 
of such manifestations in a population of hypertensive 
SARM treated with a» agonists is difficult to assess. 
Initial reports were essentially concerned with severe 
events occurring in patients treated with high doses of 
clonidine often in combination with other antihyper- 
tensive agents.9:1913-15 Prospective studies described 
these phenomena not only after withdrawal of cloni- 
dine!6-18 but also with guanfacine,!?7? tiamenidine"*! 
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and methyldopa.??-26 By reviewing these various 
reports, Houston!! noted an incidence of sympathetic 
overactivity among 25% of patients treated with 
methyldopa. 

In the present study, rilmenidine is an effective and 
well tolerated antihypertensive agent; in addition, 
sudden rilmenidine withdrawal is well tolerated, 
which could favor its treatment of the elderly hyper- 
tensive patient. 
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Treatment of Systemic Hypertension in Insulin-Treated 
Diabetes Mellitus with Rilmenidine 


MUTEBA MPOY, MD, BERNARD VANDELEENE, MD, JEAN-MARIE KETELSLEGERS, 


MD, 


and ANDRÉ E. LAMBERT, MD 


The effects of a new o? agonist (S 3341 or rilmeni- 
dine) on blood pressure (BP), glycemic control, lipid 
metabolism and renal function were investigated 
during a 16-week open study in 29 insulin-treated 
diabetic patients with mild to moderate hyperten- 
sion. There were 17 men and 12 women aged 50.9 
+ 2.2 years (mean + standard error of the mean). 
Duration of diabetes and insulin therapy was 218 + 
24 and 143 + 30 months. After 2 weeks of place- 
bo, systolic and diastolic BP was 165 + 3 and 97 
+ 0.5 mm Hg, respectively (supine). Rilmenidine 
(S 3341) given alone at daily doses of 1 or 2 mg 
according to the clinical response led to a prompt 
and sustained decrease of systolic and diastolic BP 
(159 + 4 and 88 + 1 mm Hg after 2 weeks; 149 
+ 3 and 85 + 1 mm Hg after 12 weeks; p <0.01). 
Seventeen patients (5996) had normal BP (systolic 
BP «160; diastolic BP <90 mm Hg, supine) after 
12 weeks of S 3341. Diuretics were associated 


| t is well known that the prevalence of hypertension 
is higher among patients with diabetes mellitus than in 
a nondiabetic population.*? Both hypertension and di- 
abetes mellitus increase the risk of cardiovascular 
complications; also, hypertension by itself may accel- 
erate the evolution of diabetic microangiopathy. An 
effective antihypertensive therapy is thus of utmost 
importance for diabetic patients with elevated blood 
pressure (BP). Special care must be taken to make use 
of drugs that exhibit no metabolic adverse effects, par- 
ticularly concerning the glucose tolerance and the lip- 
id metabolism.?-? For optimal long-term compliance, 
the drug must be well tolerated. 

The aim of the present study was to evaluate in a 
series of patients with insulin-treated diabetes melli- 
tus and mild to moderate hypertension, the efficacy of 


From the Division of Endocrinology and Nutrition, Cliniques 
Universitaires Saint Luc, University of Louvain, Brussels, 
Belgium. 

Address for reprints: André E. Lambert, MD, Unité de Dia- 
bétologie et Nutrition, UCL/DIAB 54.74, Avenue Hippocrate 54, 
B-1200 Brussels, Belgium. 


91D 


with S 3341 for the nonresponders at week 12; this 
led to normalization of BP in 90% of the patients at- 
the end of the study. Glycemic control was as- 
sessed by home glucose monitoring (5 determina- 
tions/1 day per week), 24-hour glucosuria and 
postprandial plasma glucose at the outpatient clinic 
(n — 7) as well as by the measurement of the gly- 
cosylated hemoglobin. None of these parameters 
was significantly affected by S 3341. Plasma total, 
low-density lipoprotein and high-density lipoprotein 
cholesterol as well as triglycerides remained un- 
changed throughout the study. No modification of 
proteinuria or microalbuminuria was observed. 

Thus, S 3341 represents an effective and safe 
treatment for mild and moderate hypertension in in- 
sulin-treated diabetic patients without affecting their 
blood glucose control. 


(Am J Cardiol 1988,61:91D-94D) 


rilmenidine, a new o; agonist (S 3341), and its possible 
adverse effects. 


Methods 


Patients: Thirty patients were initially included in 
the study; 1 of them discontinued the clinical trial after 
the first visit for personal reasons unrelated to the 
treatment. The 29 patients completing the trial (17 men 
and 12 women) were aged 50.9 + 2.2 years (mean + 
standard error of the mean; sange 24 to 65) and a mean 
body weight of 76.0 + 1.8 kg (range 55 to 106). All 
patients had been found to be persistently hyperten- 
sive after repeated measurements at the outpatient 
clinic (mean duration of the follow-up preceding the 
study: 52.6 + 8.7 months). Twenty patients were previ- 
ously treated with 1 (70%) or 2 (30%) medications. The 
mild to moderate degree of hypertension was demon- 
strated after a 2-week washout period (placebo) by a 
supine diastolic arterial BP of 96.7 + 0.5 mm Hg (range 
95.0 to 105.0). The mean duration of diabetes was of 
218 + 24 months (range 12 to 540). All patients received 
insulin (mean duration of insulin therapy: 143.3 + 29.4 
months; range 6 to 540). Thirteen of them were totally 


" A SYMPOSIUM: RILMENIDINE—A NOVEL ALPHA, AGONIST ANTIHYPERTENSIVE AGENT 


S 3341 (n=20) 
S334] 
diuretic 


$3341 (n-29) 


170 
| (n=9) 





~ 
~ - 
=~ — ^ 
\ 
\ 
\ 
\ 
\ 


SYSTOLIC BLOOD PRESSURE (mmHg) 









140 
Standing \ 

TAS sh Et ee 

2 

g 100 | 

E 

Ww 

ŒX 

2 

o 

8 

H 90 Supine 

Q 

8 

9 TO -— T YN 

a — AN 

O | ` 

= 80 Standing » 

© 

I- 

e "OENE SS SE. es dC 

= GE M& 12 -. 36 


TIME (weeks) 


FIGURE 1. Mean systolic and diastolic blood pressures as a function 
of time, the patient being supine ( € — e ) or standing (O---O). Data 
are expressed as mean + standard error of the mean. 


indtiin-dependent (C-peptide «0.05 pmol/ml). Five 
patients (17%) were treated with insulin and a sulfo- 
nylurea (glibenclamide). None of the patients had se- 
vere hypertension, recent myocardial infarct, heart 
failure (New York Heart Association, stages III to IV), 
hepatic failure or renal insufficiency (plasma creati- 
nine level above 150 umol/liter). The subjects were 
instructed to maintain their usual diet. Physical activi- 
ty remained unchanged during the study. All patients 
gave informed consent. 

The open study consisted of a 2-week placebo run- 
in phase after which 875341 was administered alone 
for 12 weeks. The initial dose was of 1 mg (1 tablet 
given in the evening). This dose was allowed to be 
increased to 2 mg (1 tablet morning and evening}, if the 
supine diastolic BP remained above 90 mm Hg after 2 
weeks of treatment. After week 12, a diuretic (50 mg 
triamterene with 25 mg hydrochlorothiazide/day) was 
allowed to be associated with S 3341, if 2 mg of the 
latter taken alone had not reduced the supine diastolic 
BP below 90 mm Hg. This period lasted 4 weeks 
(weeks 13 to 16). All the patients were evaluated while 
ambulatory, at the outpatient clinic by the same physi- 
cian at the beginning and the end of the placebo period 
and at the end of weeks 2, 4, 8, 12 and 16 of the study. 


- Therapeutic efficacy was evaluated on the basis of 
supine and standing BP and heart rate, using the aver- 
age of 3 readings and Korotkoff's fifth sound for BP. 
Compliance was checked by counting the number of 
tablets returned by the patients at the follow-up visits 
and by measuring the plasma concentration of the 
drug. Adverse experiences were assessed by means of 
a patient checklist and on the basis of spontaneous 
patient complaints. 

Glycemic control was evaluated by the following 
parameters: capillary blood glucose measured at home 
(5 daily determinations once every week of the study, 
performed at the following times—fasting, 10 A.M.; be- 
fore lunch and dinner, and at bedtime), postprandial 
plasma glucose at each visit, 24-hour urinary glucose 
(day preceding the visit), and the determination of gly- 
cosylated hemoglobin. Insulin requirements were also 
monitored. 

Lipid metabolism was assessed by determination of 
total, low-density lipoprotein and high-density lipo- 
protein cholesterol as well as triglycerides in plasma. 

Renal function was evaluated by the determina- 
tion of serum urea and creatinine levels. Twenty-four 
hour urinary proteins or microalbuminuria were also 
measured. 

Other laboratory tests included complete hemato- 
logic tests, liver function tests and plasma ionogram. 
Glycosylated hemoglobin was determined by isoelec- 
trofocusing; microalbuminuria was measured by ra- 
dioimmunoassay. Other parameters were determined 
by standard laboratory methods. 

In addition, a 12-lead electrocardiography and de- 
tailed ophthalmologic investigations were performed 
at the beginning and end of the study period. 

Statistical evaluation was done by 2 way analysis of 
variance with study of interactions (subject X time), 
followed by the Newmann-Keuls test when the effect 
of time was significant. The incidence of adverse ef- 
fects was analyzed by the Friedmann test. Changes 
were considered to be significant at p «0.05. 


Results 


Evolution of blood pressure: Rilmenidine (S 3341) 
induced a stable reduction of both systolic and diastol- 
ic BP values in supine and standing positions in insu- 
lin-treated diabetics. The antihypertensive effect of S 
3341 was prompt, being statistically significant after 15 
days of treatment and persisted throughout the study 
(Fig. 1). The mean decrease of systolic and diastolic BP 
(supine) was of 15 and 11 mm Hg, respectively. At the 
end of this 12-week period, BP was normalized in 17 
patients (59%) (systolic BP «160 mm Hg and diastolic 
BP «90 mm Hg, supine). For the last 4 weeks of the 
study (weeks 13 to 16), a diuretic was associated with S 
3341 in 9 nonresponders. At the issue of the study 
period (week 16), normalization of BP was obtained in 
90% of the group (26 of 29) with a mean reduction of 
the systolic BP values of 24 mm Hg and diastolic BP 
values of 23 mm Hg. Nineteen patients (66%) had nor- 
malization of BP with S 3341 alone (11 patients with 1 
mg and 8 patients with 2 mg of S 3341) and 7 (24%) with 
a combination of the o; agonist and a diuretic. 


Am 
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TABLE! Effects of S 3341 Treatment Alone or Associated with a Diuretic on Glycemic Control Evaluated by Home Glucose Monitoring 


Capillary Blood Glucose Levels (mmol/liter) 


No. of 
Treatment Pts. Morning 
Before treatment 29 8.1+ 0.6 
After 12 weeks of S 3341 alone 29 10.3+ 0.8 
After 16 weeks of S 3341 alone 20 95+ 1.1 
After 12 weeks of S 3341 alone 9 9.8 + 1.2 


followed by 4 weeks of S 3341 
+ diuretic 


10 A.M. Before Lunch Before Dinner Evening 
10.6 + 0.8 6.7 + 0.8 8.2 + 0.6 7.9 X 0.8 
11.6 + 0.9 8.1+ 0.6 9.6+ 0.9 10.3 + 0.8 
11.4+0.9 6.4 + 0.7 9.7 + 1.2 10.1 € 1.0 
11.6 + 1.4 8.2 + 1.6 12.5 + 1.7 11.3 + 1.3 


Data are expressed as mean + standard error of the mean. No statistical significant differences were observed between means. 


TABLE! Effects of 12 Weeks of S 3341 Treatment on Lipid 


Metabolism in 29 Insulin-Treated Hypertensive Diabetic Patients 





Before After 
Treatment Treatment 
Total cholesterol (mmol/liter) 6.1 t 0.3 5.8 + 0.3 
LDL cholesterol (mmol/liter) 3.9 + 0.2 3.8 + 0.2 
HDL cholesterol (mmol/liter) 1.3+ 0.1 1.3+0.1 
Triglycerides (mmol/liter) 1.7 10.2 1.6 + 0.2 


Data are expressed as mean + standard error of the mean. 
LDL = low-density lipoprotein; HDL = high-density lipoprotein. 


The overall incidence of adverse effects was not 
significantly different at the beginning and after 12 
and 16 weeks of therapy. Only 2 patients had a signifi- 
cant orthostatic decrease of systolic BP (>30 mm Hg), 
which was transient and without clinical relevance. 

Glucose metabolism: Rilmenidine treatment did 
not systematically modify the insulin requirements. 
Glycemic control was estimated weekly by home glu- 
cose monitoring. Selected results of these data are 
listed in Table I. At times, mean capillary blood glu- 
cose was slightly higher during than before antihyper- 
tensive treatment. However, these differences did not 
reach statistical significance. Postprandial plasma glu- 
cose levels determined at the outpatient clinic, as well 
as 24-hour glucosuria levels, remained unchanged af- 
ter 12 weeks of S 3341 administration (9.9 + 0.8 vs 11.0 
+ 0.8 mmol/liter and 75.2 + 22.6 vs 106 + 26.2 mmol/24 
hours before and after treatment, respectively; p 
70.05). Glycosylated hemoglobin levels did not change 
significantly (6.7 + 0.2, 7.2 + 0.2 and 7.0 + 0.2% before 
treatment and after 8 and 16 weeks of treatment, re- 
spectively; p >0.05). 

Lipid metabolism: Rilmenidine did not significant- 
ly affect the main plasma parameters related to lipid 
metabolism (Table II]. 

Other parameters: Microalbuminuria and protein- 
uria were not affected by 12 weeks of S 3341 adminis- 
tration (Table III). A slight reduction in plasma sodium 
levels was observed (141.9 + 0.4 vs 139.7 + 0.4 mmol; p 
= 0.01), without changes in the 24-hour urinary sodium 
excretion. All other biochemical parameters remained 
unchanged. 

No significant modifications in either electro- 
cardiographic or ophthalmologic examination were 
evidenced. 


TABLE Ill Effect of 12 Weeks of S 3341 Treatment on 
Microalbuminuria and Proteinuria in 29 Insulin-Treated 
Hypertensive Diabetic Patients 


Before After 
Treatment Treatment 
Microalbuminuria (mg/24 hr) 157 + 81 143 + 63 
Proteinuria (g/24 hr) 0.32 + 0.11 0.35 + 0.11 


Data are expressed as mean + standard error of the mean. 


Discussion 


This study demonstrates that rilmenidine (S 3341) is 
an effective and safe antihypertensive drug in insulin- 
treated patients with mild to moderatly elevated BP. In 
particular, it does not interfere with the glycemic con- 
trol. Moreover, it has no effect on lipid metabolism 
and microalbuminuria or proteinuria. A therapeutic 
response is obtained in about two-thirds of the patients 
with S 3341 alone; BP could be normalized in 90% of 
the patients by the addition of a diuretic to rilmeni- 
dine. The good metabolic tolerance of rilmenidine 
contrasts with the potential adverse effect of other an- 
tihypertensive drugs on glucose tolerance and lipid 
metabolism in diabetic subjects. Thus, diuretics may 
have a diabetogenic action, due at least in part, to 
changes in the serum potassium levels.4610 Thiazides 
adversely affect the serum lipid and lipoprotein con- 
centrations, with an increase of the total and low-den- 
sity lipoprotein cholesterol as well as the total and very 
low density lipoprotein triglycerides.?9.!! 

Beta blockers can also impair blood sugar control 
but only to a small extent. Moreover, they modify the 
lipoproteins involved in atheromatosis. Thus, they in- 
crease the triglycerides and decrease the high-density 
lipoprotein cholesterol9? Calcium antagonists have 
been consistently shown to inhibit insulin release in 
vitro. Nifedipine, a widely used calcium blocker, has 
been shown to possess hyperglycemic effects and to 
reduce insulin levels in vivo.!!-!? The adverse effect on 
glucose tolerance in vivo is quite variable and proba- 
bly depends from interindividual variation in suscep- 
tibility to the diabetogenic effect of these drugs. Cloni- 
dine, another a2 agonist, has been demonstrated to 
induce an increase of the glycemic response to intrave- 


nous glucose but does not significantly change the  . 


overall glycemic control.” 
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Efficacy and Safety of Rilmenidine 
for Arterial Hypertension 


BERTRAND BEAU, MD, FLORENCE MAHIEUX, MD, MARIE PARAIRE, MD, 
SYLVIE LAURIN, BSc, BRIGITTE BRISGAND, MD, and PHILIPPE VITOU, MD 


To assess the long-term acceptability and efficacy 
of rilmenidine (S 3341), patients with placebo-re- 
sistant hypertension (diastolic blood pressure [BP] 
2.95 mm Hg and «115 mm Hg) were included in 
an open 1-year treatment study. Eight examinations 
allowed treatment adaptation if diastolic BP re- 
mained >90 mm Hg (monotherapy with rilmeni- 
dine, 1 or 2 mg/day, followed by the addition of a 
diuretic, then tritherapy). 

Three hundred seventeen patients, aged 58.0 + 
0.7 years, were included. Two hundred sixty-nine 
were followed for 1 year and 48 withdrew from the 
trial without any symptom suggesting a withdrawal 
syndrome: 4 because of adverse effects; 6, lack of 
efficacy despite triple therapy; 9, intercurrent dis- 
eases; 10, noncompliance independent of adverse 
effects; 18, personal reasons not associated with 
treatment; and 1, lost to follow-up. 

On the 12th month, the decrease in supine sys- 
tolic and diastolic BP reached 25 and 17 mm Hg 


9 ince any new antihypertensive agent is supposed to 
be given to patients for years, it must demonstrate not 
only efficacy, but also a high level of clinical accept- 
ability, without adverse effects on routine laboratory 
parameters during long-term use.!-? Antihypertensive 
therapy thus relies on drugs that, when used singly or 
in combination, are as free as possible from clinical 
adverse effects that might interfere with long-term pa- 
tient compliance. An ideal drug should also be devoid 
of adverse effects on various biochemical mecha- 
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with monotherapy (n — 150), 26 and 17 mm Hg 
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with double therapy (n = 90) and 20 and 15 mm 


Hg with triple therapy (n = 29). BP was normalized - 
(diastolic BP 90 mm Hg) on months 6 and 12 in F 


80 and 84% of the patients, respectively. Mono- 
therapy was maintained in 66 and 6096 of these 


patients, respectively, two-thirds being treated with 


1 mg once daily. 


Adverse effects with monotherapy were mainly 


A 


observed at the beginning of treatment in 3 to 8%: 


dry mouth, asthenia, gastralgia, palpitations, -drowsi- 


ness, insomnia; other adverse effects were rare (1 __ 


to 2%). Hematologic, biochemical, electrocardio- - 
graphic and ophthalmologic acceptability was good, 
with no variations in metabolic parameters or in 
weight. Rilmenidine plasma levels were stable. 

The efficacy of rilmenidine as monotherapy and — 
its satisfactory acceptability are maintained in the 


long-term treatment of mild to moderate hyperten- _ 
(Am J Cardiol 1988;61:95D-102D) 


sion. 
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nisms,*” such as salt-and-water balance, glucose tol- 
erance and lipid metabolism, because such effects 


an 
Sed Ma a 


j 
à 
4 


275 


w 


a 


have a morbidity of their own that militates against the 1 


desired aim.®9 


Centrally acting antihypertensives or o;-adreno- - 
ceptor agonists such as alphamethyldopa, clonidine, — 


guanfacine or guanabenzgeontinue to be widely used 
in the treatment of hypervension.!?-!? Their adverse 
effects, particularly those affecting the central nervous 
system (the most frequent being drowsiness, dryness of 
mouth and, to a lesser degree, impotence and depres- 


sion), have caused them to be recommended for use as _ 


second- or third-line treatment only.1415 However, 
some investigators have stressed that the discovery of 
new and more acceptable agents within this category 


might lead to a revision of the classic guidelines of _ 
antihypertensive treatment, so that such drugs could 
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become prescribed as first-line treatment.117_ 


A WM 
Rilmenidine (S 3341) is a new o;-adrenoceptor ago- - 


nist, with selective activity on bulbar vasomotor cen- _ 
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ters centrally and presynaptic receptors peripherall 
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fects through mechanisms similar to those of cloni- 
E - dine, results from a number of experimental models of 

: opem, have shown that its sedative effects are much 
. less Pronounced, suggesting that it might differ from 
. classic > a-adrenoceptor agonists in possessing certain 
= spe cific central properties. Its antihypertensive effica- 
b cy in the short-term in mild to moderate hypertension 
ids 1as been confirmed in controlled double-blind studies 
. vs both placebo and reference drugs (see Fillastre et al 
A in this symposium issue), and it has been shown clini- 
A ca lly to be more acceptable than clonidine.?? 

ST The aim of the present study was to determine 
whether efficacy is maintained in long-term treat- 
EA ment, without drug tolerance, and also whether ril- 
zi menidine shows the same high level of clinical accept- 
2i ability during long-term use, without adverse effects 
E on routine laboratory parameters. 


- Methods 


| Patients: The following criteria were necessary to 
. beincluded in the study: hospital out-patients of either 
p. sex, aged older than 21 years, who gave informed con- 
f sent, with recent or long-standing essential hyperten- 
sion, confirmed on 3 occasions during the run-in pla- 
| cebo period and defined as a supine diastolic blood 
. pressure (BP) 295 mm Hg and <115 mm Hg (Korotkoff 
phase V), determined using a sphygmomanometer, 
. each value being the mean of triplicate determinations 
atleast 1-minute apart. Any previous antihypertensive 
treatment was discontinued from the beginning of the 
4 week run-in period with placebo. - 
The following criteria determined those who were 
~ excluded from the study: women who were pregnant 
. or with child-bearing potential, labile, secondary or 
. severe hypertension, recent or progressive coronary 
heart disease, severe heart failure (New York Heart 
.— Association stage III or IV), second- or third-degree 
|  atrioventricular block not permanently paced, he- 
patic insufficiency, serum creatinine exceeding 180 
umol/liter, treatment with monoamine oxidase inhibi- 
tor; any of the following during the run-in period—a 
. severe hypertensive episode, a progressive medical 
condition or one requiring treatment incompatible 
. with the study, and evidence suggesting the likelihood 
Foot inadequate treatnent compliance. Data from any 
? Copes excluded curing Que study, whether because 
. of intolerance, hypertensiWe crisis, intercurrent illness 
. or poor compliance, were taken into account in the 
-results 
Study design: The study ran from the end of an 
: Be ee multicenter double-blind study vs clonidine in 
.. 883 patients shown to have placebo-resistant hyper- 
Es ve de at the end of a 4-week run-in period (day 0). In 
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— thi s earlier study (Fillastre et al, in this issue, pages 
E 81D- -85D), patients had been randomized in each cen- 
. terinto 2 parallel WI Rus to receive icm thera- 


T ceiving 1 EN. in the evening frilmenidine 1 mg/ 
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morning and evening (rilmenidine 2 € day or roni i v 


dine 0.300 mg/day). 

A long-term open study was then conducted over a 
12-month period (months 0 to 12) during which all 
patients received rilmenidine without breaking the 
code of the earlier study. The 2 subgroups who had 
been receiving 1 capsule/day received 1 mg of rilmen- 
idine, whereas the 2 subgroups who had been receiv- 
ing 2 capsules/day received 2 mg of rilmenidine (1 mg 
twice daily). However, these doses could be adjusted 
from month 0 on by i increasing dosage from 1 to 2 mg 


or, for those already receiving 2 mg, by prescribing a - 


concomitant, preferably potassium-sparing diuretic, 
on the basis of the same criterion of inadequate effect, 
i.e., supine diastolic BP 290 mm Hg. 

At each visit (initially every 6 weeks at months 1.5, 3 
and 4; then every 8 weeks at months 6, 8, 9.5 and 12), 
the same dose adjustment schedule was applied to 
patients with a supine diastolic BP that remained or 
became >90 mm Hg; in addition, from month 4 on, a 
concomitant peripheral vasodilator could be pre- 
scribed, preferably dihydralazine. The daily dose of 


such combination therapy was adjusted to the BP of 


each patient. Nonhypotensive concomitant therapy 
was maintained during the study if required and spe- 
cial diets remained unaltered. 


Monitoring procedure: Patients were examined by 


the same investigator at each visit. The following pro- 
cedures were taken: (1) measurement of the systolic 
and diastolic BP in the supine position after at least 10 
minutes recumbency and then in the erect position 
after standing for 2 minutes. Each determination was 
performed in triplicate at 1-minute intervals for each 
position; (2) measurement of the heart rate (HR), using 
a stethoscope, in the supine and erect positions over 1 
minute; (3) examinations for hypertension— related 
functional signs—headache and neurosensory distur- 
bances. The severity, duration and frequency of such 
signs were graded on a scale from 0 to 5 (0 = no symp- 
tom present, 1 = mild transient symptom occurring 
once only, 2 = slight nontransient symptom, 3 = defi- 
nite long-lasting and recurrent symptom, 4 — very se- 
vere and virtually permanent symptom, and 5 = symp- 
tom leading to patient withdrawal; and (4) open then 
systematic direct questioning to elicit any of the classi- 
cally described a2-agonist side effects (dryness of 
mouth, drowsiness, disturbance of concentration, 
mood disturbance, sleep disturbance, and constipa- 
tion). These symptoms were documented and graded 
on the same 6-point scale as hypertension-related 
signs. Any other reported symptoms were recorded, 
even if they occurred in one occasion. 

Resting 12-lead electrocardiography was per- 
formed on day 0, months 6 and 12, together with rou- 


tine ophthalmology (retinal examination, slit lamp ex- — — 


amination, Schirmer testing and determination of 
central retinal artery pressure). 

Routine hematologic and biochemical investiga- 
tions were performed on day 0 and months 6 and 12: 
full and differential blood count, platelets, hemoglo- 
bin and hematocrit, blood sodium, potassium, chlo- 
ride, calcium, protein, urea, creatinine, uric acid, glu- 
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cose, aspartate aminotransferase, alanine transferase, 
gamma glutamyl transferase, alkaline phosphatase, 
cholesterol and triglycerides; urinalysis for protein 
and glucose was performed. In some centers, samples 
were taken for plasma rilmenidine assay by gas chro- 
matography mass spectrometry.?1.22 

Statistical analysis: At month 0, on entry into the 
long-term study, the rilmenidine and clonidine sub- 
groups from the earlier study were tested for homoge- 
neity of mean supine and erect systolic and diastolic 
BP and HR values by a 1-way analysis of variance. 
Efficacy and acceptability were evaluated by a 2-way 
analysis of variance (time X subject) and a Newmann- 
Keuls test was used for multiple comparisons in the 
event of a significant time effect: supine and erect 
systolic and diastolic BP and HR values on day 0 (with 
placebo), month 0 (beginning of open study) and 
months 6 and 12; electrocardiographic, routine labora- 
tory and ophthalmologic parameters on day 0 and at 
months 6 and 12. Profiles of mean grades from day 0 
and months 6 to 12 for headache, neurosensory distur- 
bance and principal side effects were analyzed by 
Friedman's nonparametric test.?? 

The most discriminant clinical and laboratory pa- 
rameters from the profile of a patient on day 0 were 
identified by multidimensional analysis?* and used to 
predict whether that patient would be receiving mono- 
therapy (rilmenidine only) or combination therapy on 
the 12th month. 


Results 


Study population: The study was conducted in 15 
centers with a total population of 317 patients, 269 of 
whom remained in the study for the full year, while 48 
withdrew before the end of the study. 

The main clinical characteristics of the 317 patients 
are listed in Table I. Hypertension was mild (supine 
diastolic BP between 95 and 104 mm Hg) in 219 pa- 
tients (697%) and moderate (supine diastolic BP be- 
tween 105 and 115 mm Hg) in 98 (31%). Documented 
duration of hypertension (available in 314 patients) 
was less than 1 year in 89 patients (28%), between 1 
and 5 years in 110 patients (35%) and more than 5 years 
in 115 patients (37% ). Hypertensive crises were report- 
ed in 69 cases and complications of hypertension in 34. 
The retina had been previously examined in 280 pa- 
tients and was normal in only 86. Previous antihyper- 
tensive therapy was documented in 183 patients (58%), 
103 of whom had received single agent therapy and 80 
double- or triple-agent therapy. Treatment response 
had been considered inadequate in 71% of cases. Car- 
diovascular risk factors were: smokers (16%), over- 
weight (44%), hyperlipidemic (41%), hyperuricemic 
(27%), impaired glucose tolerance (24%), and 84 pa- 
tients had a history of cardiovascular disease (25 of 
whom had a history of coronary heart disease]. 

The subgroups that had received rilmenidine and 
clonidine from day 0 to month 0 were shown to be 
homogenous for BP and HR on entry into the open 
study (month 0]. 

Course of the study: Distribution of the treatment 
groups, created as a result of dose adjustment during 
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TABLE! Main Clinical Characteristics of Patients Taking 
Placebo on Day 0 





Sex 
Male n — 177 (5696) 
Female n — 140 (4496) 

Age (yr) 58 + 1 
Range 28-88 

No. of pts n — 87 (2796) 
265 years 

Weight (kg) 72 1 
Range 42-100 

Supine SBP (mm Hg) 170+ 1 
Range 130-235 

Supine DBP (mm Hg) 102 0 
Range 95-115 


Values are expressed as mean + standard error of the mean. 
DBP = diastolic blood pressure; SBP = systolic blood pressure. 


the study, showed that the percentages of patients re- 
ceiving single, double or triple therapy were stable 
between months 6 and 12: approximately 33% taking 
rilmenidine 1 mg/day, 25% taking rilmenidine 2 mg/ 
day, and 32% taking double and 10% triple therapy. 
Treatment group analysis showed that it was the pa- 
tients who were young, overweight or with impaired 
glucose tolerance, or both, and who had long-standing 
moderate hypertension, which had failed to respond to 
double or triple therapy in the past; these patients were 
the most likely to be transferred from single therapy 
with rilmenidine to double and, particularly, triple 
therapy. Ranking the most discriminant parameters in 
hierarchical order showed that on day 0 the 3 most 
predictive factors for combination therapy were high 
erect diastolic BP (p = 0.001), previous combination 
therapy (p = 0.004) and high supine HR (p = 0.007). 
Discriminant factorial analysis was used to construct a 
model based on these 3 parameters. It successfully 
predicted the treatment that patients were likely to 
receive on the 12th month in 88% and 62% of single 
and combination therapy, respectively. 

Of the 48 patients who withdrew from the study, 34 
(11%) were unrelated to treatment: 9 withdrew be- 
cause of a change in private or professional circum- 
stances, 7 did not want to continue a long-term study 
independent of side effects, 1 had a myocardial infarc- 
tion, 1 hemiplegia, 1 acute leukemia, 1 a fracture, 1 an 
attack of rheumatoid arthritis, 1 digestive disorders 
and 12 were withdrawn by their practitioner (3 be- 
cause of poor compliance and 9 either because the 
investigator had moved or wished to change treatment 
irrespective of any adverse effects). One patient was 
lost to follow-up. Three patients died: A woman aged 
69, with documented coronary heart disease, had un- 
stable angina followed by fatal acute pulmonary ede- 
ma; a man aged 58, disabled since the age 43, commit- 
ted suicide; and a woman aged 74, of fatal pulmonary 
embolism. Six patients (2% ) withdrew because of inef- 
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ficacy, despite triple therapy. Four patients (1%) with- 


drew because of adverse effects that may have been 


due to rilmenidine (dryness of mouth [1 patient taking - 
single and 1 double therapy] and impairment of sexual | 


function [1 patient taking single and 1 double thera- 
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FIGURE 1. Blood pressure profiles in the 269 patients who remained 
in the study for 1 year. All values (mean + standard error of the 
nea) from month 0 (MO) on were statistically different (p <0.01) 
from day 0 (DO) values, for systolic blood pressure (SBP) and for 
diastolic blood pressure (DBP). 
| 
| 
TABLE! Supine Systolic Blood Pressure (SBP) Profiles 
According to the Treatment Groups Observed at Month 12 
l 




















i Months 
Supine SBP — — 

(mm Hg) No. Day 0 0 6 12 
: Rilmenidine (1 mg) 87 165 144* 142* 143* 
| t2 t1 + 1 +1 
_Rilmenidine (2 mg) 63 175 148* 146* 146* 

t2 t2 +2 +2 

. Bitherapy 90 173 159* 147* 146* 
| +2 +2 +2 +2 
. Tritherapy 29 170 155* 148* 150* 
| t3 


i3 ie +3 


| * p €0.01 in comparison with values on day O. 
| alues are expressed as mean + standard error of the mean. 


| 


pyl). No symptom of sympathetic hyperactivity, sug- 
gesting a withdrawal syndrome, was reported among 


‘these 48 patients after cessation of rilmenidine. 


Antihypertensive activity: BP decreased signifi- 
antly from month 0 on in the 269 patients who re- 
mained in the study for 1 year (Fig. 1). Supine systolic 
and diastolic BP values-decreased by 25 and 17 mm 
Hg, respectively, between day 0 and month 12. Supine 
ystolic and diastolic BPs were significantly reduced in 
all treatment groups between day 0 and month 12 (Ta- 
les II and IIIJ. During single therapy, the result 
chieved by month 0 was maintained. During double 


therapy, BP values continued to decrease between 


onths 0 and 6, whereas during triple therapy they did 
not decrease significantly through months 0, 6 and 12. 
Results were similar for erect systolic and diastolic BP. 
— BP profile analysis in each age group showed that 
values were higher on day 0 and decreased by a great- 
er absolute amount in patients aged 65 years and over, 








except for erect diastolic BP values. Thus, the mean 


'stolic BP decreased by between 21 and 22 mm Hg in 
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TABLE lil 
According to the Treatment Groups Observed at Month 12 


Supine Diastolic Blood Pressure (DBP) Profiles 





Months 
Supine DBP 

(mm Hg) No. Day 0 0 6 12 

Rilmenidine (1 mg) 87 99 83* 83* 83* 
+i Z1 i: *1 

Rilmenidine (2 mg) 63 101 85* 83* 83* 
= = =p 4 +1 

Bitherapy 90 103 94* 87* 86* 
+ 1 d. 1 +1 + 1 

Tritherapy 29 106 95° 92* 91* 
+1 +2 +1 t2 





* p €0.01 compared with values on day 0. 
Values are expressed as mean + standard error of the mean. 


TABLE IV Profiles of the Mean Hypertensive Symptom or 
Principal Adverse Effect Grades 








Months 
n = 269 Day 0 6 12 
Hypertensive symptoms 
Headache 0.7 0.3* 0.2* 
Neurosensory 0.6 0.3* 0.2* 
disturbance 
Principal adverse effects 
Dryness of mouth 0.2 0.5* 0.4 
Drowsiness 0.2 0.3 0.3 
Concentration or mood 0.2 0.1 0.1 
disturbance 
Sleep dist rbance 0.5 0.3 0.2* 
Constipation 0.3 0.2 0.1 


— — — 








* p < 0.01 compared with values on day 0 (Friedman test). 


patients aged younger than 65 years and by between 30 
and 32 mm Hg in those who were older than 65. 

Results did not differ significantly with respect to 
the duration of hypertension. Analysis with respect to 
the severity of hypertension showed a greater de- 
crease in BP in patients with moderate hypertension 
(29 mm Hg in systolic BP and 21 mm Hg in diastolic BP) 
than in those with mild hypertension (22 mm Hg in 
systolic BP and 14 mm Hg in diastolic BP). 

Normotensive levels, i.e., supine diastolic BP <90 
mm Hg (mean of 3 determinations) were achieved in 
80% of patients after 6 months of treatment and in 84% 
after 1 year; 66% of the 241 normotensive patients at 
month 6 and 60% of the 227 normotensive patients at 
month 12 were receiving rilmenidine only. These nor- 
motensive patients were treated with either 1 mg/day 
(60%) or 2 mg/day (40%). By the 12th month, diastolic 
BP values exceeded 95 mm Hg in only 5% of the 240 
patients taking single- or double-agent therapy, but in 
28% of the 29 taking triple therapy. 

Mean hypertensive symptom grades decreased sig- 
nificantly between day 0 and month 6 and then re- 
mained at a plateau from months 6 to 12 (Table IV). 
Improvement occurred immediately after treatment 


TABLE V incidence of Dry Mouth According to the Treatment Groups 
Months 
Dryness Day 0 
of Mouth Placebo 1.5 3 4 6 
RIL (1 mg) 12/121 9/116 9/112 2/103 
9.9 96 7.896 8.096 1.996 
RIL (2 mg) 15/107 12/87 12/74 13/77 
14.096 13.8% 16.2% 16.9% 
5.4% 
Bitherapy 18/84 22/102 16/94 20/92 
21.4% 21.6% 17.0% 21.7% 
Tritherapy — 1/1 5/23 5/28 
— — 21.7 96 17.996 


Upper lines indicate the number of complaining patients out of the total, lower lines the percentage incidences. 
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6/93 
6.5% 
8/69 
11.6% 


16/88 
18.2% 
5/25 
20.0% 


9.5 


5/92 
5.4% 
6/66 
9.0% 


11/84 
13.1% 

5/27 
18.5% 


12 


1/87 
1.1% 
5/63 
7.9% 


14/90 
15.6% 

3/29 
10.3% 


99D - : 


RIL = rilmenidine. 


TABLE VI 
Day 0 
Drowsiness Placebo 1.5 3 
RIL (1 mg) 4/121 3/116 
3.3 96 2.696 
RIL (2 mg) 10/107 9/87 
9.396 10.3 96 
4.196 
Bitherapy 13/84 13/102 
15.596 12.7 96 
Tritherapy — 1/1 


Incidence of Drowsiness According to the Treatment Groups 


Months 
4 6 8 9.5 12 
1/112 0/103 3/93 2/92 1/87 
0.9 96 0 96 3.2 96 2.296 1.196 
7/74 8/77 7/69 3/66 7/63 
9.5 96 10.4% 10.1% 4.5% 11.1% 
15/94 15/92 9/88 6/84 8/90 
16.0% 16.3% 10.2% 7.1% 8.9% 
1/23 2/28 3/25 3/27 4/29 
4.3% 7.1% 12.0% 11.1% 13.8% 


Upper lines indicate the number of complaining patients out of the total, lower lines the percentage incidences. 


RIL = rilmenidine. 


began. At 1 year, hypertension-related symptoms were 
only reported in less than 5% of patients. 

In addition, an investigation of BP over 24 hours 
was performed in 21 ambulant patients leading a nor- 
mal life and in whom normotensive levels had been 
achieved by single-agent therapy with rilmenidine, 1 
mg/day, for at least 6 months. Antihypertensive activi- 
ty was confirmed over 24 hours. Analysis of all indi- 
vidual values showed supine diastolic BP values <90 
mm Hg in each patient at the 5 measuring points over 
24 hours (08.00, 13.00, 16.00, 20.00, 08.00 hours), notably 
at 20.00 hours shortly before ingestion of the daily 
dose, i.e., 24 hours after the previous dose. 

Cardiovascular acceptability: Analysis of individ- 
ual HR values showed no instance of bradycardia dur- 
ing treatment. HR decreased below 50 beats/min in 
only 2 patients (at month 6), both of whom had had a 
HR below 50 beats/min on day 0. Mean HR values 
decreased significantly between day 0 and month 0 (by 
4 beats/min) and remained stable thereafter. 

Response to erect posture was maintained: systolic 
BP values decreased by 30 mm Hg or more on revert- 
ing to the erect posture in 11 of the 317 patients en- 


rolled, only 2 of whom were taking single-agent thera- 
py. Symptomatic orthostatic hypotension occurred in 
only 2 patients—1 taking double therapy (rilmenidine 


+ diuretic) and 1 taking triple therapy (rilmenidine + 
diuretic + prazosin). 

No clinically significant changes compared with 
day 0 values were revealed by analysis of standard 
electrocardiographic parameters at months 6 and 12 in 
241 and 212 patients, respectively. Incomplete bundle 
branch block developed in 4 patients and occassional 
benign and asymptomatic atrial or ventricular extra- 
systoles in 9 others. 

Adverse effects: Given that at month 0, before the 
long-term study began, only half the patients were 
being treated with rilmenidine, the remainder having 
received clonidine from day 0 to month 0, adverse 
effects at month 0 were reported in the context of the 
controlled study vs clonidine (Fillastre et al in this 
symposium issue). By the end of the study, at month 12, 
considering all treatments combined, dry mouth and 
drowsiness had been detected in less than 9% of cases, 
sleep disturbances and constipation in less than 5%, 
and disturbance of concentration and mood in less 
than 2%. The profile analysis of mean grades showed 
no difference in comparison with day 0 values for 
drowsiness, constipation and disturbance of concen- 


tration and mood. The mean grade for dry mouth in- 


creased at month 6 (Table IV). Individual analysis 
showed that grade 3 was achieved only on 7 occasions 


TER 
1 ote ri. 
— 
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TABLE VII 


Asthenia 


VUWEREJUCEF *- 


Other Adverse Effects in Patients Taking Single 
Therapy: Cumulative Incidence from Months 1.5 to 12 


Gastric pain 
Palpitations 


Fatigue during exercise 


Diarrhea 
Cramps 
Skin rash 


Depression 


Edema 


Cold extremities 


Dizziness 


Sexual disorders 


Memory disturbances 


Nausea 


Hot flushes 
Paresthesia 


RIL—1 mg/day 


(n = 121) 


7 (5.896) 
4 (3.396) 
4 (3.396) 
3 (2.596) 
3 (2.596) 
3 (2.596) 
2 (1.796) 
3 (2.596) 
2 (1.796) 
2 (1.796) 
2 (1.796) 
4 (3.396) 
1 (0.896) 
1 (0.896) 
1 (0.8%) 
D 


(n = 107) 


7 (6.596) 
6 (5.696) 
4 (3.796) 
4 (3.796) 
4 (3.796) 
2 (1.996) 
6 (5.696) 
3 (2.896) 
2 (1.996) 
1 (0.9%) 
1 (0.996) 
2 (1.996) 
2 (1.996) 
1 (0.9%) 
1 (0.9%) 
1 (0.9%) 


7 3 — 


RIL—2 mg/day 


RIL = rilmenidine. 


TABLE VIII Lipid and Glucose Parameter Profiles in Patients 
Taking Single Therapy 
Months 
No. Day O 6 12 p 
Glucose 143 5.49 5.47 5.50 NS 
(mmol/liter) + 0.10 + 0.08 + 0.08 
Cholesterol 143 6.07 5.99 6.08 NS 
(mmol/liter) + 0.10 + 0.09 + 0.09 
Triglycerides 140 1.40 1.39 1.38 NS 
(mmol/liter) + 0.07 + 0.06 + 0.05 


Values are expressed as mean + standard error of the mean. 
NS = not significant. 


in 1 year. The mean grade of sleep disturbance de- 


creased at month 12 (Table IV). Dry mouth (Table V) 


- was more frequent during double or triple therapy; 
- with monotherapy, the incidence gradually declined 


to 1.1% by 1 year, taking 1 mg/day, and 7.9% taking 2 
mg/day. The incidence of drowsiness (Table VI) dur- 
ing single therapy with 1 mg was systematically less 
than on day 0 with placebo (4%); with 2 mg, and during 


- combination therapy, its incidence was in the region of 


10%. 

Other adverse effects-were rare and in most cases 
transient (Table VII). Statistical analysis of body 
weight (n = 247) showed no significant changes. 

Ophthalmologic effects: Analysis of diastolic cen- 
tral retinal artery pressure on day 0 and at months 6 
and 12 in 149 patients showed a significant decrease by 
the sixth month, paralleling that in the systemic dia- 
stolic BP. 

Decreased tear production was found in 5 patients, 


- but remained asymptomatic and was discovered only 


as a result of Schirmer testing. No treatment-related 


— changes were found on retinal or slit-lamp exami- 


nation. 
Hematologic and biochemical effects: Routine he- 


. matology showed raised monocyte and platelet counts 


- (from 4.5% on day 0 to 5.4% at the 12th month, and 
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from 256,600 on day 0 to 272,900/mm? at the 12th 
month), in both cases within normal limits. Hepatic, 
lipid and glucose parameters are listed in Table VIII. 
A statistically, but not clinically significant, decrease 
occurred in aspartate aminotransferase and alanine 
transferase values between day 0 and month 6. No 
significant changes occurred in the 63 patients with 
raised blood glucose levels at the beginning of the 
study. Mean values of the remaining biochemical pa- 
rameters showed no significant changes in patients 
taking single-agent therapy, apart from a mild 
elevation of blood sodium, from 140.2 (day 0) to 140.7 
mmol/liter (at the 12th month). Other minor changes, 
which were significant but within normal limits, oc- 
curred only with combination therapy: a decrease in 
blood chloride, an increase in blood protein and creat- 
inine, an increase in blood urea at the 12th month and 
in uric acid at the 6th month. Individual analysis — 
showed that such changes were associated with diuret- . 
ic treatment. 

Concomitant treatment: Rilmenidine was com- 
bined with a diuretic in more than 100 patients, and 
with dihydralazine in more than 20 patients. BP con- 
trol was achieved with concomitant diuretic therapy in 
an additional approximately 25% of the total popula- 
tion, and with concomitant dihydralazine in an addi- 
tional approximately 6%. Dry mouth was more fre- 
quent than with monotherapy. In some patients, good 
results were achieved by combining rilmenidine with 
a B blocker (4 of 7), converting-enzyme inhibitor (3 of 6) 
or calcium antagonist (6 of 6). Concomitant antidepres- 
sant therapy did not increase BP and did not cause 
orthostatic hypotension, but was at times associated 
with moderate dry mouth (6 of 11); benzodiazepine 
therapy was associated with moderate drowsiness in 
15 of 62 patients. Many other compounds were taken 
concomitantly with rilmenidine without causing any 
clinical, electrocardiographic or routine laboratory 
changes: cardiac glycosides (7 patients), antiarrhyth- 
mic agents (8 patients), anticoagulant therapy (6 pa- 
tients), hypolipidemic agents (24 patients), antidiabetic 
agents (20 patients), uric hypouricemic agents (20 pa- 
tients), analgesics (26 patients), anti-inflammatory 
agents (21 patients). 

Plasma rilmenidine concentrations: Analysis of 
repeated samples from 72 patients showed that ril- 
menidine concentrations reached equilibrium levels 
approximating to theoretical values from the appropri- 
ate pharmacokinetic studies for each population (el- 
derly subjects, combination therapy with rilmenidine 
+ diuretic). Levels were higher in 9% of samples, but 
with no effect on the clinical acceptability of the drug. 
Plasma rilmenidine concentrations were stable over 
time. 


Discussion 


A number of conclusions may be drawn as to the 
main properties of rilmenidine from this long-term 
study in a population of 317 hypertensive patients. The 
antihypertensive activity of the drug was maintained - 
throughout the study period without drug tolerance. 
The efficacy of rilmenidine was established in patients 
with hypertension that was both well defined (pre- 


treatment diastolic BP 295 mm Hg) and stable. Hyper- 

. tension was confirmed on 3 occasions during the run- 
in period with placebo, and had already been treated 
before entry into the trial in 58% of patients, approxi- 
mately half of whom had received combination thera- 
py. With monotherapy, the optimal BP control was 
reached from the first control in a large number of 
«patients; in others, an interval of gradual dose/treat- 
ment adjustment was required. However, after 6 
months, treatment adjustment was both occasional 
and minor. Thus, from 6 months on, approximately 
60% of patients continued to receive monotherapy, 
two-thirds of them taking 1 mg/day. Normotensive 
levels were achieved in a further approximately 25% 
of patients with concomitant diuretic therapy, so that 
altogether BP control was achieved in 85% of the total 
population with single or double therapy. The remain- 
ing 15% had higher BP, and normotensive levels were 
achieved in only half of concomitant vasodilator thera- 
py. Multidimensional analysis showed logically that a 
history of combination therapy was one of the 3 pre- 
dictive factors for combination therapy being required 
at some time during the study. 

It is important to analyze results with respect to the 
type and outcome of previous treatment. In previously 
untreated patients or those who had responded ade- 
quately to monotherapy in the past, normotensive lev- 
els were achieved with rilmenidine monotherapy in 
44% of patients taking 1 mg/day and in a further 21% 
taking 2 mg/day, i.e., a total of 65%. These results are 
comparable to those achieved with classic first-line 
treatments such as 8 blockers or diuretics.25-2” Sepa- 
rate analysis of various at-risk subgroups provided fur- 
ther evidence of the long-term efficacy of rilmenidine 
therapy. In patients aged 65 years and older, diastolic 
BP values decreased in parallel with those of younger 
subjects, whereas systolic BP values remained higher, 
though within the normal range; thus, age-related 
physiologic differences were maintained. In obese or 
diabetic patients, despite the requirement of triple 
therapy in 14% of these patients, treatment was satis- 
factorily stable: 55% of obese subjects and 44% of 
diabetic subjects were still receiving single-agent ther- 
apy after 1 year. 

Cardiovascular acceptability was good. The de- 
crease in HR was not clinically significant; no case of 
bradycardia was revealed by individual analysis, even 
in the presence of concomitant bradycardia inducing 
therapy (8 blocker, diltiazem). Electrocardiographic 
monitoring confirmed the absence of adverse effects. 
Orthostatic hypotension was reported in only 2 pa- 
tients taking double- and triple-therapy, on 1 occassion 

- only. Orthostatic hypotension did not occur in any of 
the 11 patients taking concomitant antidepressant 
therapy. 

Classic a2-agonist side effects were infrequent and 
mild. The earlier study had already shown them to be 
less frequent than those seen with the reference com- 
pound (Fillastre et al, in this symposium issue). With 
rilmenidine, 1 mg/day, the incidence of dry-mouth 

after 4 months was no greater than it had been with 
-3lacebo. The same was true of drowsiness. Distur- 
¿vances of concentration, mood or sleep and constipa- 
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tion were also no more frequent than with placebo. 
Among other adverse effects, instances of occasional 
and transient sexual dysfunction (2%) were noted. 
Gastrointestinal disturbances were also occasional 
and transient. With rilmenidine, 2 mg/day (1 mg twice 
daily), the incidence of dry mouth was approximately 
12% and that of drowsiness 10%. Such adverse effects 
were mild and did not affect patients' normal day-to- 
day activity. Only 1 patient taking monotherapy with- 
drew from the study because of dry mouth, and none 
withdrew because of drowsiness. _ 

Such results indicate that the level of clinical ac- 
ceptability of rilmenidine is very high. The low rate of 
adverse effects with rilmenidine confirms a degree of 
dissociation between antihypertensive activity and 
central effects that had been first suggested by phar- 
macologic studies in animals!?!9 and then demon- 
strated by pharmacologic studies in humans”: these 
features appear to differentiate rilmenidine from oth- 
er o» agonists. Furthermore, the risks of developing 
iatrogenic conditions such as hypovolemia and rhythm 
disturbances with long-term treatment are minimized 
by the lack of toxic effects on routine laboratory pa- 
rameters and the stability of plasma levels. The study 
also shows that combination therapy can be given 
without additional risk, not only concomitant nonhy- 
potensive drugs (often necessary in elderly subjects), 
which have been well tolerated, but also the other 
antihypertensive drugs that have enabled normoten- 
sive levels to be achieved in some cases, the best stud- 


ied example being diuretics. On the basis of these 


properties, rilmenidine can be recommended for use 
in the first-line treatment of mild to moderate hyper- 
tension. Combination with a diuretic is useful should 
the initial response be inadequate; the number of 
withdrawals due to adverse effects is low (2%) and is 
evidence that acceptability to this drug is high. 
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Concluding Remarks 


MICHEL E. SAFAR 


l. the past, physicians were principally concerned 
with blood pressure reduction in the management of 
hypertension, the adverse effects of antihypertensive 
drugs being a matter of less concern. At the current 
time, the availability of highly potent agents with di- 
verse mechanisms of action means that a large per- 
centage of hypertensive patients can achieve success- 
ful blood pressure control. Thus, to simply decrease 
blood pressure is no longer a sufficient goal for antihy- 
pertensive therapy.! Drugs must also be selected on 
the basis of causing minimal and negligible adverse 
effects. Preservation of the patients life-style should 
also be considered and the aims of antihypertensive 
treatment should also include the reduction of cardio- 
vascular mortality and morbidity. 

As far as adverse effects are concerned, o; agonists 
are known to be safe drugs and continue to be widely 
used in the treatment of hypertension. Their antihy- 
pertensive activity is usually associated with central 
side effects, the principal effects being sedation and 
dry mouth. These adverse effects have contributed to 
the limitation of the use of o? agonists as second- or 
third-line therapy for hypertension. The dominant as- 
pect of this first symposium on rilmenidine was the 
apparent dissociation between central side effects and 
antihypertensive activity at therapeutic doses. Al- 
though this dissociation between hypotensive and sed- 
ative activities of an a2 agonist has not yet a clear ex- 
planation, results from fundamental pharmacology, 
clinical pharmacology and therapeutics clearly con- 
firm this differential response. The incidence and se- 
verity of sedation and dry mouth with rilmenidine 
werg significantly lower than those observed with 
clonidine, and withdrawal syndrome was less fre- 
quent and less marked than that on cessation of meth- 
yldopa. Such characeristics favor rilmenidine for use 
as first-line treatment of hypertension. 

With regard to cardiovascular morbidity and mor- 
tality, antihypertensive drugs by their nature decrease 
blood pressure but have varied effects on the rest of 
the cardiovascular system. In the case of the heart, 
reversion of cardiac hypertrophy may be induced by 
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several antihypertensive agents such as angiotensin- 
converting enzyme inhibitors and calcium antagonists, 
whereas this is not observed with other agents such as 
dihydralazine despite the same reduction in blood 
pressure. However, the effect of antihypertensive 
therapy on the arterial vessels? is even of greater im- 
portance than that on the heart. Indeed, most antihy- 
pertensive agents decrease cardiovascular morbidity 
and mortality but have minimal effects on the inci- 
dence of coronary heart disease.* Although the long- 
term consequences of the reversal of left ventricular 
hypertrophy and of the modifications of the arterial 
system are not fully understood, it seems clear that 
drugs that act on both the heart and the vasculature 
may be preferable. Bearing these points in mind, there 
is recent evidence that drugs such as a; agonists, which 
inhibit the adrenergic nervous system, could be a 
promising alternative. With rilmenidine, modifica- 
tions of cardiac output were transient and adaptation 
of blood pressure to standing and exercise were main- 
tained. No modification in renal blood flow or in glo- . 
merular filtration rate was observed. In diabetic pa- 
tients, no variation in glucose or lipid metabolism was 
present; the long-term treatment was proof of the ex- 
cellent clinical and biochemical acceptability of ril- 
menidine, even in the elderly. There is a striking lack 
of information relating to the effects of o; agonists on 
the structure and function of the heart and large ves- 
sels compared with the number of studies performed 
with other antihypertensive drugs. However, some ex- 
perimental studies suggest that a2 agonists may be par- 
ticularly active on these structures.» All these char- 
acteristics would favor further investigation of ril- 
menidine for extensive use in the treatment of hyper- 
tension. — 
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